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INTRODUCTION 

I n t he c o u r s e of d a i l y b u s i n e s s t he M i n n e a p o l i s F e d , l i k e h u n d r e d s 

of o t h e r i n s t i t u t i o n s , i s c o n t i n u o u s l y c a l l e d upon t o make c a p i t a l s p e n d i n g 

d e c i s i o n s . Many o f the d e c i s i o n s i n v o l v e r e l a t i v e l y s m a l l amounts o f money , 

some f a i r l y l a r g e a m o u n t s , and a few i n v o l v e s u b s t a n t i a l sums. Some e x p e n d i ­

t u r e q u e s t i o n s c a n be h a n d l e d f a i r l y e a s i l y . F o r e x a m p l e , t he c h o i c e of a 

t y p e w r i t e r f rom among s e v e r a l c o m p e t i n g m o d e l s , a l l j u d g e d to be e q u a l i n 

q u a l i t y and s e r v i c e , c a n u s u a l l y be made by s i m p l y s e l e c t i n g t he mode l w i t h 

the l o w e s t p r i c e . O t h e r s p e n d i n g d e c i s i o n s a r e , o f c o u r s e , much more d i f f i c u l t . 

D i f f i c u l t i e s a r i s e no t s i m p l y b e c a u s e t h e d e c i s i o n s i n v o l v e 

more money. M a j o r p r o b l e m s a r e e n c o u n t e r e d when s p e n d i n g and t he r e l a t e d 

b e n e f i t s a r e s p r e a d o v e r t i m e . We t h e n need an e x p l i c i t way t o measu re 

the v a l u e of d o l l a r s t o be r e c e i v e d o r s p e n t a t f u t u r e d a t e s , compared w i t h 

d o l l a r s r e c e i v e d o r s p e n t t o d a y . P r e s e n t - v a l u e p r o c e d u r e s ( t o be d e f i n e d 

s h o r t l y ) p r o v i d e a way t o do t h i s . Even f u r t h e r c o m p l i c a t i o n s must be met 

i n d e a l i n g w i t h t he g r e a t e r u n c e r t a i n t y a s s o c i a t e d w i t h c a s h f l o w s e x t e n d i n g 

f u r t h e r i n t o t he f u t u r e . 

Such i n v e s t m e n t d e c i s i o n p r o b l e m s a r e w e l l known and the p r o f e s s i o n a l 

l i t e r a t u r e on them i s eno rmous . E c o n o m i s t s , a c c o u n t a n t s , b u s i n e s s f i n a n c e 

e x p e r t s , o p e r a t i o n s r e s e a r c h s p e c i a l i s t s and o t h e r s have a d d r e s s e d t h e m s e l v e s 

to the i s s u e . I t wou ld be r a r e f o r an i n d i v i d u a l to know n o t h i n g of i n t e r e s t 

r a t e s and t he c o n c e p t s o f t he t i m e v a l u e o f money w h i c h u n d e r l i e them. 

But i n s p i t e o f t h i s g e n e r a l f a m i l i a r i t y , g r e a t m y s t e r y and c o n f u s i o n 

s u r r o u n d i n v e s t m e n t d e c i s i o n - m a k i n g p r o c e d u r e s . T h i s r e p o r t i s i n t e n d e d to 

examine t h e s e i s s u e s u s i n g e v e r y d a y l a n g u a g e . I t w i l l e x p l a i n some o f t h e 

r u l e s commonly u s e d ; p o i n t out some of t he l i m i t a t i o n s ; e s t a b l i s h a f ramework 

w i t h i n w h i c h v a l i d p r o c e d u r e s can be s e l e c t e d and a p p l i e d a t a F e d e r a l R e s e r v e 

Bank ; and p e r h a p s most i m p o r t a n t l y , b e g i n d e v e l o p i n g a s e t o f p r a c t i c a l 

examp les t h r o u g h w h i c h we can e f f e c t i v e l y a c c u m u l a t e and e x t e n d ou r e x p e r i e n c e s 

i n s y s t e m a t i c a p p l i c a t i o n o f p r e s e n t - v a l u e p r o c e d u r e s . 
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T h i s d r a f t r e p o r t i s i n f o u r p a r t s : P a r t I d i s c u s s e s t he r a t i o n a l e 

f o r u s i n g p r e s e n t - v a l u e p r o c e d u r e s i n government agency c a p i t a l s p e n d i n g 

d e c i s i o n s and e x p l o r e s the d i f f i c u l t p r o b l e m of s e l e c t i n g an a p p r o p r i a t e 

d i s c o u n t r a t e f o r government agency d e c i s i o n s . P a r t I I d e s c r i b e s , i n g e n e r a l 

t e r m s , a s e t o f recommended p r o c e d u r e s f o r a p p l y i n g p r e s e n t - v a l u e c o n c e p t s 

t o F e d e r a l R e s e r v e c a p i t a l s p e n d i n g d e c i s i o n s . P a r t I I I i l l u s t r a t e s t h e s e 

g e n e r a l p r o c e d u r e s by d i s c u s s i n g a r e a l c a s e e x a m p l e . P a r t IV p r o v i d e s 

f o r a c o n t i n u i n g c o l l e c t i o n o f c a s e a p p l i c a t i o n s w h i c h s h o u l d i l l u s t r a t e t he 

s u c c e s s e s and l i m i t a t i o n s of p r e s e n t - v a l u e p r o c e d u r e s a p p l i e d to a w i d e n i n g 

s p e c t r u m o f t y p i c a l F e d e r a l R e s e r v e Bank s i t u a t i o n s . One s m a l l c a s e has 

been p r o v i d e d a s a s t a r t e r f o r P a r t I V . 

Our u l t i m a t e d e s i g n , t h e n , i s to b e g i n a " l o o s e - l e a f " s e r v i c e on 

t he s u b j e c t o f c a p i t a l s p e n d i n g d e c i s i o n p r o c e d u r e s — a l l o f i t s c o n t e n t s 

s u b j e c t to change and improvement — d e v e l o p e d by and f o r F e d e r a l R e s e r v e 

B a n k s . 
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PART I. RATIONALE FOR PRESENT-VALUE PROCEDURES IN CAPITAL INVESTMENT 

B e f o r e s e t t i n g down a r a t i o n a l e f o r t he u s e of p r e s e n t - v a l u e p r o c e d u r e s , 

we w i l l e x p l a i n the o b j e c t i v e s b e h i n d i t a l l and some o f t h e te rms and c o n c e p t s 

to be u s e d . A t t h i s p o i n t , d i s c u s s i o n w i l l be l i m i t e d to s k e t c h i n g a few b a s i c 

i d e a s . These i d e a s w i l l be e x p l a i n e d i n more d e t a i l i n P a r t I I a l t h o u g h i t i s 

no t our i n t e n t t o w r i t e y e t a n o t h e r t r e a t i s e on t he m a t h e m a t i c s o f f i n a n c e o r 

on economic t h e o r y . The more i n t e r e s t e d r e a d e r may f i n d i t u s e f u l to r e f e r to 

the abundan t l i t e r a t u r e . 

A . B a s i c O p e r a t i n g O b j e c t i v e s 

I n t he c o u r s e o f i t s o p e r a t i o n s , t he F e d e r a l R e s e r v e Sys tem r e c e i v e s 

income f r om v a r i o u s s o u r c e s ( p r i n c i p a l l y i n t e r e s t e a r n e d on gove rnmen t s e c u r i t i e s ) , 

p r o v i d e s a w i d e v a r i e t y of s e r v i c e s t o the p u b l i c and t he f i n a n c i a l c o m m u n i t y , 

and r e m i t s to t he T r e a s u r y Depa r tmen t a l l income n o t u s e d i n p r o v i d i n g t h e s e 

s e r v i c e s . A b a s i c o p e r a t i n g o b j e c t i v e o f t he F e d e r a l R e s e r v e , somewhat p a r a l l e l 

t o the p r o f i t m o t i v e of p r i v a t e b u s i n e s s f i r m s , i s t o keep e x p e n d i t u r e s to 

a minimum (or e q u i v a l e n t l y , to r e m i t a s much t o t h e T r e a s u r y a s p o s s i b l e ) 

w h i l e s t i l l p r o v i d i n g t h e a p p r o p r i a t e k i n d and l e v e l o f s e r v i c e s . Two c l a s s e s 

o f d e c i s i o n s a r e n o r m a l l y i n v o l v e d : (1) c h o o s i n g what s e r v i c e s we u n d e r t a k e 

to p r o v i d e and (2) c h o o s i n g t he minimum c o s t way to p r o v i d e t h e s e s e r v i c e s . 

A s i t t u r n s o u t , t h e o b j e c t i v e o f c o s t m i n i m i z a t i o n (o r g u a r a n t e e i n g 

a maximum payment t o t h e T r e a s u r y o v e r t he y e a r s ) r e q u i r e s i n p r i n c i p l e t h a t 

p r e s e n t - v a l u e p r o c e d u r e s be u s e d i n our c a p i t a l s p e n d i n g d e c i s i o n s . The 

r e a s o n i n g f u r t h e r s u g g e s t s t h a t t h e d i s c o u n t r a t e used i n our p r e s e n t - v a l u e 

c a l c u l a t i o n s be s o m e t h i n g l i k e t he T r e a s u r y ' s a v e r a g e c o s t o f b o r r o w i n g — 

a r e l a t i v e l y l o w , " s a f e " r a t e of i n t e r e s t . H o w e v e r , t h e r e i s a n o t h e r , more 

f u n d a m e n t a l r a t i o n a l e f o r u s i n g p r e s e n t - v a l u e p r o c e d u r e s b a s e d on t he e f f e c t s 

our d e c i s i o n s have on t he economy a s a w h o l e . T h i s s e c o n d a n a l y s i s c a l l s 

f o r u s i n g a d i s c o u n t r a t e much h i g h e r t h a n t h e s a f e r a t e i n o r d e r to a c h i e v e 

s o c i a l l y s u p e r i o r i n v e s t m e n t d e c i s i o n s . 
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B. D e f i n i t i o n s and C o n v e n t i o n s 

1. D e f i n i t i o n o f P r e s e n t V a l u e 

G i v e n a c h o i c e be tween r e c e i v i n g $100 t odav o r r e c e i v i n g i t one 

y e a r f rom t o d a y , t he r a t i o n a l man, we a s s u m e , w i l l e l e c t to r e c e i v e i t t o d a y . 

G i v e n the c h o i c e be tween $100 t oday o r $103 a y e a r f r om now the d e c i s i o n i s 

l e s s c l e a r . Some w i l l c h o o s e one w a y , some the o t h e r . Suppose f o r a p a r t i c u l a r 

i n d i v i d u a l t he p a y o f f n e x t y e a r i s s u c c e s s i v e l y i n c r e a s e d u n t i l i t r e a c h e s 

$105 a t w h i c h p o i n t he f i r s t d e c i d e s to g i v e up t he $100 now and w a i t f o r 

the $ 1 0 5 . Then i n some s e n s e t h i s man g i v e s e q u a l v a l u e to $100 now v e r s u s 

$105 i n a y e a r . To h im the " p r e s e n t v a l u e " o f $105 to be r e c e i v e d i n one 

y e a r i s $100 . P r e s u m a b l y t h e n t he same man w o u l d v a l u e $210 to be r e c e i v e d 

i n a y e a r a t $200 t o d a y . E x t e n d i n g t h i s r e a s o n i n g we d i s c o v e r we c a n c a l c u l a t e 

f o r t h i s man t he p r e s e n t v a l u e of any amount t o be r e c e i v e d i n one y e a r s i m p l y 

b y d i v i d i n g i t by 1 . 0 5 . He r e q u i r e s 5 p e r c e n t more money to w a i t one y e a r 

s o h i s a n n u a l d i s c o u n t ( i n t e r e s t ) r a t e i s s a i d to be 5 p e r c e n t . H i s o n e -

y e a r d i s c o u n t r a t i o ( 1 . 0 5 ) i s e q u a l to one p l u s h i s d i s c o u n t r a t e ( e x p r e s s e d 

a s a d e c i m a l ) , i . e . , e q u a l s 1 + . 05 = 1 . 0 5 . 

Now s u p p o s e , to c o n s i d e r a s i m p l i f i e d e x a m p l e , he i s o f f e r e d $200 to 

be p a i d two y e a r s h e n c e — what i s t he p r e s e n t v a l u e o f t h i s o f f e r ? We found 

above t h a t t he o n e - y e a r d i s c o u n t r a t i o f r o m nex t y e a r to t he p r e s e n t i s 1 . 0 5 . 

I f t h i s o n e - y e a r d i s c o u n t r a t i o c a n be used be tween any p a i r o f s u c c e s s i v e 

y e a r s t h e n we can d i s c o u n t t he $200 f i r s t f r om two y e a r s h e n c e back to one 

y e a r hence by d i v i d i n g by 1 . 0 5 . . . 

$200 v 1 .05 = $ 1 9 0 . 4 8 = v a l u e one y e a r f r om now 

t h e n d i s c o u n t t h i s v a l u e t o t he p r e s e n t 

$ 1 9 0 . 4 8 -~r l.fi5 a ^ $ 1 8 1 . 4 1 = t he p r e s e n t v a l u e 

C o m b i n i n g t he a n u i i m e t i c . . . 

$200 
The p r e s e n t v a l u e of $200 r e c e i v e d two y e a r s hence = - = $ 1 8 1 . 4 1 

( 1 . 0 5 ) 2 

The g e n e r a l r e s u l t o f t h i s r e a s o n i n g i s t h a t the p r e s e n t v a l u e 

o f any number of d o l l a r s , s a y $R, to be r e c e i v e d n y e a r s f rom now, d i s c o u n t e d 

a t i p e r c e n t p e r y e a r i s . . . 
$R P r e s e n t v a l u e = 

d + D n 
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2 . O the r C o n v e n t i o n s 

I n t h i s p a p e r we s p e a k o f c a p i t a l i n v e s t m e n t o r c a p i t a l s p e n d i n g 

d e c i s i o n s a s t h o s e t h a t e n t a i l f l o w s o f c o s t s ( e x p e n d i t u r e s ) and b e n e f i t s 

( r e c e i p t s ) t a k i n g p l a c e o v e r some s p a n of t i m e . D e c i s i o n s to buy a c o i n 

s o r t i n g m a c h i n e , t o l e a s e compu te r e q u i p m e n t , or t o s p o n s o r an emp loyee 

t r a i n i n g p r o g r a m , a r e examp les of c a p i t a l i n v e s t m e n t d e c i s i o n s . 

An i n v e s t m e n t p r o j e c t i n v o l v i n g c o s t s and b e n e f i t s c a n be c h a r a c ­

t e r i z e d by a s e q u e n c e o f n u m e r i c a l n e t c a s h f l o w s o v e r a p e r i o d o f t i m e . 

The r e l e v a n t t ime p e r i o d , c a l l e d t he " p r o j e c t l i f e " o r " p r o j e c t h o r i z o n , " i s 

d i v i d e d i n t o c o n v e n i e n t s u b p e r i o d s — m o n t h s , q u a r t e r s , y e a r s . G e n e r a l l y 

t h e n , e x p e n d i t u r e s and r e c e i p t s w i l l o c c u r d u r i n g e a c h s u b p e r i o d . A n e t c a s h 

f l o w f o r any s u b p e r i o d can be computed by s u b t r a c t i n g t h a t p e r i o d ' s e x p e n d i ­

t u r e s f rom r e c e i p t s . We w i l l adop t t he c o n v e n t i o n h e r e t h a t r e c e i p t s o r 

i n f l o w s be d e s i g n a t e d a s p o s i t i v e (+) numbers and e x p e n d i t u r e s o r o u t f l o w s 

as n e g a t i v e ( - ) numbers . I f f o r t he f i r s t s u b p e r i o d r e c e i p t s a r e t e n d o l l a r s 

(+$10) and e x p e n d i t u r e s two h u n d r e d d o l l a r s ( -$200) , t hen t he n e t c a s h f l o w 

f o r t h a t s u b p e r i o d wou ld be a n e g a t i v e one h u n d r e d and n i n e t y d o l l a r s (+$10) 

+ ( -$200) = ( - $ 1 9 0 ) . 

The p r e m i s e s u p p o r t i n g u s e o f some fo rm o f t i m e - w e i g h t e d d e c i s i o n 

p r o c e d u r e i s t h a t " f u t u r e money" i s l e s s v a l u a b l e i n some s e n s e t h a n " c u r r e n t 

m o n e y . " On t h e s e g r o u n d s , f u t u r e f l o w s o f money s h o u l d be g i v e n c o r r e s p o n d i n g l y 

l e s s w e i g h t i n any d e c i s i o n t h a n f l o w s c l o s e r t o t he p r e s e n t d a t e . More 

s p e c i f i c a l l y , we w i l l a r g u e t h a t f u t u r e c a s h f l o w s ought t o be d i s c o u n t e d 

back to t he p r e s e n t d a t e u s i n g p r e s e n t - v a l u e p r o c e d u r e s b e f o r e summing up 

the ne t c a s h f l o w s f o r use as an i n d i c a t o r of t he p r o j e c t ' s w o r t h . The r a t i o n a l e 

f o r t h e s e k i n d s o f p r o c e d u r e s has n o t h i n g t o do w i t h " r i s k " o r " u n c e r t a i n t y ; " 

t h a t i s a s e p a r a t e i s s u e t o be t a c k l e d l a t e r . The p r o c e d u r e s wou ld a p p l y 

e q u a l l y w e l l t o p r o j e c t s f o r w h i c h f u t u r e c a s h f l o w s were known w i t h c e r t a i n t y . 

To s p e a k i n te rms o f p r o j e c t e d " c a s h f l o w s " s u g g e s t s p r o j e c t s 

more l i k e l y to be f o u n d i n t h e r e a l m o f p r i v a t e p r o f i t - s e e k i n g b u s i n e s s e s 

t h a n a c t i v i t i e s o f F e d e r a l R e s e r v e Banks o r o t h e r p u b l i c a g e n c i e s . Y e t t h e 

c o n s i d e r a b l e body o f l i t e r a t u r e t h a t has by now emerged on o p t i m a l methods 

f o r i n v e s t m e n t d e c i s i o n mak ing by p u b l i c i n s t i t u t i o n s a g r e e s t h a t , h e r e t o o , 

c o r r e c t p r o c e d u r e s r e q u i r e d i s c o u n t i n g f u t u r e c o s t s and b e n e f i t s a t some 

a p p r o p r i a t e r a t e o f i n t e r e s t . Tha t i n t u r n s u g g e s t s t he need to make some 
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e f f o r t t o p l a c e d o l l a r v a l u a t i o n s on t he b e n e f i t s e x p e c t e d t o f l o w f r o m 

F e d e r a l R e s e r v e Bank a c t i v i t i e s . Whether i n p r a c t i c e many F e d e r a l R e s e r v e 

i n v e s t m e n t p r o j e c t s can a d e q u a t e l y be r e d u c e d t o measurement by n u m e r i c a l 

c a s h f l o w s i s an i m p o r t a n t q u e s t i o n — one t h a t w i l l be d e t e r m i n e d by e x p e r i e n c e . 

W h i l e i t i s t r u e t h a t a c c u r a t e measurement o f b e n e f i t s wou ld p r o v i d e t he 

i d e a l b a s i c i n f o r m a t i o n f o r d e c i s i o n m a k i n g , p r e s e n t - v a l u e p r o c e d u r e s can 

be m o d i f i e d t o s u i t c i r c u m s t a n c e s i n w h i c h o n l y c o s t p r o j e c t i o n s a r e a v a i l a b l e . 

C . R a t i o n a l e f o r P r e s e n t - V a l u e P r o c e d u r e s 

C o n s i d e r a b l y d i f f e r i n g v i e w s e x i s t on t he q u e s t i o n o f what i n t e r e s t 

r a t e ( c o n c e p t u a l l y ) i s a p p r o p r i a t e f o r d i s c o u n t i n g , a s w e l l a s how one 

wou ld d e t e r m i n e , i n p r a c t i c e , t he c o r r e c t n u m e r i c a l v a l u e o f t h a t r a t e . We 

w i l l d e a l h e r e o n l y s u m m a r i l y w i t h t h e t h e o r e t i c a l r a t i o n a l e f o r use o f 

d i s c o u n t i n g p r o c e d u r e s and t he c h o i c e of d i s c o u n t r a t e s . I t seems i m p o r t a n t 

t o spend most of our t i m e i n t h i s r e p o r t e x a m i n i n g ways i n w h i c h e x i s t i n g 

p r o c e d u r e s c a n be u s e d i n p r a c t i c a l a p p l i c a t i o n s a t a F e d e r a l R e s e r v e Bank to 

a s s u r e sound f i n a n c i a l s t e w a r d s h i p . A b i t o f j u s t i f i c a t i o n , h o w e v e r , i s 

i m p o r t a n t : b e c a u s e t h e l i t e r a t u r e i s r a t h e r comp lex — o f t e n c o n f o u n d i n g — 

we do no t a t t e m p t a b a l a n c e d s u r v e y . 

A s o u t l i n e d by s e c t i o n A , r a t i o n a l e s f o r u s i n g p r e s e n t - v a l u e 

p r o c e d u r e s i n government a g e n c y d e c i s i o n s e x i s t on two l e v e l s . — ' ' The one 

we s h a l l c o n s i d e r f i r s t e s t a b l i s h e s s i m p l y t h a t , a s l o n g a s some s a f e a l t e r ­

n a t i v e e a r n i n g r a t e e x i s t s a t w h i c h we c a n p l a c e ou r i d l e f u n d s , t h e n f a i l u r e 

to use p r e s e n t - v a l u e p r o c e d u r e s ( w i t h t h a t s a f e r a t e o f d i s c o u n t ) r i s k s a 

p o o r e r r e t u r n of f u n d s to the T r e a s u r y o v e r t ime t h a n wou ld be p o s s i b l e i f 

we u s e p r e s e n t - v a l u e p r o c e d u r e s . 

1. F i n a n c i a l E f f i c i e n c y A rgumen ts f o r P r e s e n t V a l u i n g a t Some S a f e 
A l t e r n a t i v e I n t e r e s t R a t e 

W e ' l l p r o c e e d w i t h t h i s f i r s t - l e v e l r a t i o n a l e by i l l u s t r a t i v e e x a m p l e , 

t hough i t s h o u l d be c l e a r the a rgument can be g e n e r a l i z e d . C o n s i d e r the 

f o l l o w i n g a n n u a l n e t c a s h f l o w s e r i e s f r om i n v e s t m e n t i n p r o j e c t X : 

— We m i g h t r e m i n d t h e r e a d e r a t t h i s p o i n t t h a t our d i s c u s s i o n i s 
a imed a t e s t a b l i s h i n g a p p r o p r i a t e r u l e s f o r government s e c t o r d e c i s i o n s . 
F o r a p r i v a t e f i r m p r e s e n t - v a l u e p r o c e d u r e s a r e e q u a l l y i m p o r t a n t , bu t i n 
o r d e r to a c h i e v e " p r o f i t m a x i m a t i o n " t he p r o p e r c h o i c e f o r a d i s c o u n t r a t e 
i s , a s mos t s t a n d a r d t e x t s d i s c u s s i n d e t a i l , t he f i r m ' s c o s t o f c a p i t a l . 
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- $ 1 0 0 , 0 0 0 ; $ 3 0 , 0 0 0 ; $ 8 0 , 0 0 0 

w h i c h i s i n t e n d e d to r e p r e s e n t an i n i t i a l o u t l a y of $ 1 0 0 , 0 0 0 , f o l l o w e d a t 

t he end of t he f i r s t y e a r b y r e c e i p t o f $ 3 0 , 0 0 0 , and a t t he end o f t h e second 

y e a r by r e c e i p t o f $ 8 0 , 0 0 0 . I f we i g n o r e t he t i m e d e l a y i n r e t u r n i n g t he 

$100 ,000 i n v e s t m e n t , t h e n p r o j e c t X p r o m i s e s to r e t u r n o v e r i t s l i f e $10 ,000 

more than we put i n t o i t , and may seem t o be an a t t r a c t i v e p r o s p e c t f o r 

i n v e s t m e n t . But i t ' s no t a t t r a c t i v e i f an a l t e r n a t i v e s a f e e a r n i n g r a t e o f , 

s a y , 6 p e r c e n t i s a v a i l a b l e . T h i s c a n be s e e n i f we a p p l y t h e p r e s e n t - v a l u e 

p r o c e d u r e a s f o l l o w s : 

• COMPUTE THE PRESENT VALUE OF THE CASH FLOW SERIES AT 6 PERCENT 
INTEREST 

D i s c o u n t e a c h o f t h e f l o w s i n t h e s e r i e s back, to t he 
p r e s e n t t i m e b e f o r e summing them a l g e b r a i c a l l y t o o b t a i n t he 
p r e s e n t v a l u e of t he s e r i e s . We t a k e t he i n i t i a l o u t f l o w a s 
t he " p r e s e n t , " s o d i s c o u n t i n g d o e s n ' t a f f e c t i t . The f l o w a t 
t he end o f t he f i r s t y e a r i s d i v i d e d b y 1 . 0 6 ; t h a t a t t he end 

2 
of t he s e c o n d y e a r by ( 1 . 0 6 ) . 

P V @ 6% = - 1 0 0 , 0 0 0 + ^ 0 0 + ^ ^ 
u , U b - ) a.06r 

= - 1 0 0 , 0 0 0 + 2 8 , 3 0 0 + 7 1 , 2 0 0 

= - 5 0 0 

• EXAMINE THE PRESENT VALUE OF THE PROJECT; IF IT IS POSITIVE, GO 
AHEAP WITH THE INVESTMENT, IF IT IS NEGATIVE REJECT THE INVESTMENT 

W i t h t h a t q u i c k p r e v i e w o f t he t e x t b o o k p r e s e n t - v a l u e p r o c e d u r e 

(wh i ch w i l l be d i s c u s s e d i n more d e t a i l i n P a r t I I o f t h i s r e p o r t ) ou r examp le 

p r o j e c t X , w i t h f l o w s , 

- $ 1 0 0 , 0 0 0 ; $ 3 0 , 0 0 0 ; $ 8 0 , 0 0 0 

i s r e j e c t e d . 

The c o r r e c t n e s s o f t h i s d e c i s i o n f r om a p u r e l y f i n a n c i a l p o i n t 

o f v i e w c a n a l s o be d e m o n s t r a t e d by c o m p u t i n g t he amount of c a s h e a c h a l t e r ­

n a t i v e w o u l d have a c c u m u l a t e d a t t he end — r a t h e r t h a n t he b e g i n n i n g — 

o f t h e t w o - y e a r h o r i z o n (a p r o c e s s somet imes r e f e r r e d to as a " f u t u r e - v a l u e " 

c o m p u t a t i o n ) . We assumed an a l t e r n a t i v e s a f e e a r n i n g r a t e of 6 p e r c e n t . 
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Compare t he two o p t i o n s o f i n v e s t i n g i n p r o j e c t X o r d e p o s i t i n g t he $100 ,000 

a t the s a f e i n t e r e s t r a t e f o r t h e same p e r i o d o f t i m e (two y e a r s ) : 

Cash f l o w s a t end o f y e a r . . . 

0 1 2 

- $ 1 0 0 , 0 0 0 

^ • $ 3 0 

O p t i o n I: I n v e s t i n P r o j e c t X 

An i n i t i a l o u t l a y o f $ 1 0 0 , 0 0 0 w i l l 

r e t u r n $ 3 0 , 0 0 0 a t end of y e a r 1 . . . 

and $ 8 0 , 0 0 0 a t end of y e a r 2 . . . 

w h i l e t he $ 3 0 , 0 0 0 r e c e i v e d a t end 

o f y e a r 1 can be d e p o s i t e d a t s a f e 

6 p e r c e n t and c o n v e r t to $ 3 1 , 8 0 0 a t t h e end o f y e a r 2 . . . 

w h i c h g i v e s us a t o t a l c a s h on hand a t end of y e a r 2 o f . . . 

000 

^ $ 8 0 , 0 0 0 

>$31,800 

$111 ,800 

O p t i o n I I : P l a c e f u n d s a t s a f e 6 p e r c e n t 0 1 2 

$ 1 0 0 , 0 0 0 p l a c e d a t 6 p e r c e n t w i l l show - $ 1 0 0 , 0 0 0 
i 

. . . a b a l a n c e a t end o f y e a r 1 o f . . . 1 >$106 ,000 

and a b a l a n c e a t end o f y e a r 2 o f . . . 1 » $112 ,360 

C o m p a r i s o n shows ou r f i n a n c i a l s t a t e m e n t w o u l d be $560 p o o r e r a t t he end 

o f y e a r 2 by g o i n g ahead w i t h p r o j e c t X t h a n by d e p o s i t i n g t he f u n d s a t 

a s a f e 6 p e r c e n t . T h a t i s , t h e f u t u r e v a l u e o f p r o j e c t X a t 6 p e r c e n t 

i n t e r e s t i s - $ 5 6 0 . The message i s f a i r l y c l e a r on t he f a c e o f t h i s e v i d e n c e 

t h a t p r o j e c t X i s e a r n i n g a r e t u r n l e s s t h a n 6 p e r c e n t . We c o u l d r e t u r n 

more money to t he T r e a s u r y ( i n f u t u r e v a l u e ) by p u t t i n g t he $100 ,000 i n t he 

bank t h a n by g o i n g ahead w i t h p r o j e c t X . 

Our f i n a l examp le i s p r o j e c t Y , w i t h t h e f o l l o w i n g p a t t e r n o f 

c a s h f l o w s : 

- $ 1 0 0 , 0 0 0 ; $ 9 5 , 0 0 0 ; $ 1 2 , 0 0 0 

I f we i g n o r e t h e t i m e p a t t e r n o f f l o w s ( w h i c h i s what f a i l i n g t o use p r e s e n t -

v a l u e p r o c e d u r e s e s s e n t i a l l y l e a d s u s t o do ) p r o j e c t Y seems i n f e r i o r even 

to p r o j e c t X , s i n c e Y ' s i n f l o w s e x c e e d o u t f l o w s by o n l y $ 7 , 0 0 0 compared 

w i t h n e t i n f l o w o f $ 1 0 , 0 0 0 f o r X . 
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But i f we compute t he p r e s e n t v a l u e o f t h e f l o w s a t 6 p e r c e n t f o r 

p r o j e c t Y , we ge t 

PV | 6% = - 1 0 0 , 0 0 0 + 9 1 ^ + 1 2 , 0 0 0 

U , U b ; ( 1 . 0 6 T 

= - 1 0 0 , 0 0 0 + 8 9 , 6 2 3 + 1 0 , 6 8 0 

= +303 

The p r e s e n t v a l u e o f p r o j e c t Y i s p o s i t i v e and t he d e c i s i o n r u l e u s e d above 

t e l l s u s t o p r o c e e d w i t h the p r o j e c t . We c a n a l s o c a l c u l a t e ou r s e c o n d - y e a r 

f i n a n c i a l s t a t e m e n t a s we d i d f o r t he two e a r l i e r o p t i o n s : 

end o f y e a r 

000 

O p t i o n I I I : I n v e s t i n P r o j e c t Y 0 

An i n i t i a l o u t l a y of $ 1 0 0 , 0 0 0 . . . - $ 1 0 0 . 

w i l l r e t u r n $ 9 5 , 0 0 0 a t end o f y e a r 1 . . . 

and $ 1 2 , 0 0 0 a t end o f y e a r 2 . . . 

w h i l e t he $ 9 5 , 0 0 0 r e c e i v e d a t t he end 

o f y e a r 1 can be d e p o s i t e d a t 6 p e r c e n t 

and c o n v e r t to $100 ,700 a t t he end o f y e a r 2 . . . 

r e s u l t i n g i n t o t a l c a s h on hand end of y e a r 2 o f . . . 

• ^ $ 9 5 . 000 

->$12 ,000 

>$100,700 

$ 1 1 2 , 7 0 0 

The f i n a l y e a r c a s h t o t a l o f $ 1 1 2 , 7 0 0 i s $340 g r e a t e r t h a n t he $112 ,360 we 

would have a c c u m u l a t e d p l a c i n g ou r i n i t i a l f u n d s a t 6 p e r c e n t . Tha t i s , 

the f u t u r e v a l u e o f p r o j e c t Y a t 6 p e r c e n t i s $ 3 4 0 . The outcome of t he 

p r e s e n t - v a l u e d e c i s i o n r u l e l i k e w i s e s i g n a l s t h a t p r o j e c t Y p r o m i s e s to 

e a r n a t a g r e a t e r - t h a n - 6 - p e r c e n t r a t e and we w o u l d i n f a c t r e t u r n more to 

the T r e a s u r y by i n v e s t i n g i n Y t h a n we c o u l d by d e p o s i t i n g the $100 ,000 to 

e a r n 6 p e r c e n t . 

I n summary t h e n , one s i m p l e bu t i m p r e s s i v e r e a s o n f o r u s i n g p r e s e n t -

v a l u e p r o c e d u r e s i n c h o o s i n g among i n v e s t m e n t a l t e r n a t i v e s i s t h a t you may 

be t h r o w i n g away money i f you d o n ' t . I n P a r t I I we w i l l d i s c u s s c a s e s f o r 

w h i c h an e s t i m a t e o f r e v e n u e s i s no t p o s s i b l e and the c h o i c e among a l t e r n a t i v e 

ways to a c c o m p l i s h the same p r o j e c t i s made on t he b a s i s o f minimum o u t l a y s 
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( i n p r e s e n t - v a l u e t e r m s ) . The t i m e p a t t e r n of o u t l a y s i s c r u c i a l t h e r e t o o . 

Use of p r e s e n t - v a l u e p r o c e d u r e s c a n h e l p you a v o i d t he p r o s p e c t o f s e l e c t i n g 

an a l t e r n a t i v e on the b a s i s o f minimum o v e r a l l o u t l a y w h i l e y o u a r e , i n f a c t , 

p e n a l i z i n g y o u r u l t i m a t e f i n a n c i a l p o s i t i o n b e c a u s e o f d i f f e r e n c e s you d i d 

no t t a k e i n t o a c c o u n t i n t h e t i m i n g of o u t l a y s . Bu t t he c a s e f o r government 

a g e n c i e s u s i n g p r e s e n t - v a l u e p r o c e d u r e s i s now g e n e r a l l y made and d i s c u s s e d 

a t a d i f f e r e n t l e v e l ; we t u r n t h e r e n e x t . 

2 . The O p t i m a l S o c i a l R a t e o f D i s c o u n t — A Second R a t i o n a l e 

The s e c o n d r a t i o n a l e — the cumbersome d e t a i l s o f w h i c h a p p e a r i n 

A p p e n d i x A — e s t a b l i s h e s t h a t s o m e t h i n g h i g h e r t h a n t he s a f e i n t e r e s t r a t e 

i s r e q u i r e d i f we w i s h to a c h i e v e a more " s o c i a l l y o p t i m a l " a l l o c a t i o n of 

t he n a t i o n ' s economic r e s o u r c e s be tween t he p r i v a t e s e c t o r and g o v e r n m e n t . 

Mos t r e c e n t l i t e r a t u r e on t he s u b j e c t a g r e e s we ought t o be u s i n g a r a t e 

t h a t r e p r e s e n t s what s o c i e t y g i v e s up when we (government ) command r e s o u r c e s 

i n t o an i n v e s t m e n t p r o j e c t — a r a t e r e p r e s e n t i n g t he " o p p o r t u n i t y c o s t " to 

s o c i e t y of our d e c i s i o n . I f we u s e a l o w e r r a t e t h e n , we wou ld be d r a w i n g 

r e s o u r c e s i n t o government s e c t o r a c t i v i t i e s t h a t r e t u r n l e s s to s o c i e t y t h a n 

t h e y w o u l d i f i n v e s t e d by t he p r i v a t e s e c t o r . I f we u s e a h i g h e r r a t e , t he 

r e s u l t i n g m i s a l l o c a t i o n w i l l be i n t h e o t h e r d i r e c t i o n w i t h government f a i l i n g 

t o p r o v i d e some s e r v i c e s w h i c h i t ough t t o . T h a t ' s s i m p l e enough i n p r i n c i p l e , 

bu t t he p r o b l e m o f d e t e r m i n i n g t he a p p r o p r i a t e r a t e o f " o p p o r t u n i t y c o s t " i s 

f o r m i d a b l e , and no unambiguous e s t i m a t e i s a v a i l a b l e . 

The p r a c t i c a l u p s h o t , t h o u g h , w h e t h e r we can p i n down " t h e " o p t i m a l 

r a t e o r n o t , i s t h a t t he r a t e we s h o u l d be u s i n g i s h i g h e r t h a n t he r a t e on 

s a f e , l i q u i d e a r n i n g a s s e t s d i s c u s s e d i n t he p r e c e d i n g s e c t i o n . And i n g e n e r a l 

f o r any g i v e n agenda of p r o j e c t s the h i g h e r t he d i s c o u n t r a t e , t he g r e a t e r 

t he number o f p r o j e c t s t h a t w i l l be r e j e c t e d under a p r e s e n t - v a l u e d e c i s i o n 

r u l e . 

The F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s h a s a c c e p t e d i n p r i n c i p l e 

t he u s e o f p r e s e n t - v a l u e p r o c e d u r e s i n i n v e s t m e n t d e c i s i o n s . C h o i c e of a 

u n i q u e b e s t r a t e of i n t e r e s t i s , we r e c o g n i z e , an unanswered q u e s t i o n . A 

t h e o r e t i c a l a p p r o a c h t o t he p r o b l e m i s s k e t c h e d ou t i n A p p e n d i x A . 

I n g e n e r a l we c o n s i d e r o t h e r d e c i s i o n r u l e s b a s e d on s u c h c o n c e p t s 

as p a y - b a c k p e r i o d , a v e r a g e r e t u r n on i n v e s t m e n t , and i n t e r n a l r a t e of r e t u r n , 

t o be i n f e r i o r to p r o p e r l y a p p l i e d p r e s e n t - v a l u e d e c i s i o n r u l e s . 
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The argument d e v e l o p e d i n A p p e n d i x A c o n c l u d e s t h a t t he a p p r o p r i a t e 

r a t e f o r d i s c o u n t i n g p r o j e c t e d c a s h f l o w s l i e s somewhere i n t he r a n g e 7 

p e r c e n t t o 11 p e r c e n t , and t h a t i t i s r e a l l y n o t p o s s i b l e t o p i n down a s i n g l e 

b e s t v a l u e . C o n s i s t e n t w i t h t h a t f i n d i n g , t h e d e c i s i o n p r o c e d u r e recommended 

i n P a r t I I i s based on u s e of a r a n g e o f d i s c o u n t r a t e s and does no t r e l y on 

c h o i c e o f a s i n g l e p r e c i s e l y e s t i m a t e d r a t e . 

W h i l e we w o n ' t s p e l l ou t t h e r e a s o n i n g i n any d e t a i l h e r e , t he 

range d e r i v e d i s b a s e d on e s t i m a t e s of t he r a t e s c o r p o r a t i o n s i n p a r t i c u l a r , 

and t he p r i v a t e s e c t o r i n g e n e r a l , e a r n on t h e i r m a r g i n a l i n v e s t m e n t s . 

M a r g i n a l i n v e s t m e n t s a r e t he ones t he p r i v a t e s e c t o r w o u l d c h o o s e f i r s t to 

" g i v e u p " when government a g e n c y s p e n d i n g d e c i s i o n s c h a n n e l r e s o u r c e s away 

f rom them. T h a t , o f c o u r s e , i s why t h o s e r a t e s r e p r e s e n t t he " s o c i a l 

o p p o r t u n i t y c o s t " o f ou r d e c i s i o n s . 

A key p r e m i s e of t he a rgument i s t h a t t he economy i s f u l l y e m p l o y e d . 

I n o t h e r wo rds when we make an i n v e s t m e n t d e c i s i o n we draw f rom t h e p r i v a t e 

s e c t o r t he f u l l e x t e n t o f t he r e s o u r c e s u s e d . 

One r e a s o n f o r a m b i g u i t y o f t he o p p o r t u n i t y c o s t o f any s p e c i f i c 

government i n v e s t m e n t d e c i s i o n i s t h a t , g e n e r a l l y , each s p e c i f i c govprnment 

i n v e s t m e n t may a f f e c t p r i v a t e - s e c t o r r e s o u r c e use d i f f e r e n t l y . P a r t i c u l a r 

i n d u s t r i e s w i t h m a r g i n a l c a p i t a l r e t u r n s e i t h e r v e r y much h i g h e r o r v e r y 

much l o w e r t h a n t h e c o r p o r a t e a g g r e g a t e f i g u r e may be h i t d i f f e r e n t i a l l y . 

R e g i o n a l d i f f e r e n c e s i n i m p a c t , t o o , c o u l d o c c u r . A s a c o n s e q u e n c e , t h e 

" t r u e " o p p o r t u n i t y c o s t a l m o s t c e r t a i n l y v a r i e s w i t h each government i n v e s t ­

ment d e c i s i o n . 

F u r t h e r m o r e , when we abandon t h e f u l l - e m p l o y m e n t p r e m i s e , t he t r u e 

r a t e o f o p p o r t u n i t y c o s t w o u l d t end t o v a r y w i t h t he s t a t e o f t he economy — 

w i t h t he r a t e e f f e c t i v e l y l o w e r d u r i n g t i m e s o f g r e a t e r s l a c k and u n d e r u t i l i z e d 

l a b o r and p r o d u c t i o n f a c i l i t i e s and h i g h e r d u r i n g p e r i o d s o f r e s o u r c e p r e s s u r e s . 

Our g e n e r a l p r e s c r i p t i o n d u r i n g p e r i o d s o f h i g h r e s o u r c e p r e s s u r e s , h i g h 

p r i c e p r e s s u r e s and h i g h i n t e r e s t r a t e s i s t o pay somewhat more a t t e n t i o n 

t o c o m p a r a t i v e p r e s e n t v a l u e s c a l c u l a t e d a t r a t e s toward t he u p p e r end o f 

the 7 p e r c e n t t o 11 p e r c e n t r a n g e . I n p e r i o d s o f s l a c k , we wou ld e m p h a s i z e 

v a l u e s toward t h e l o w e r end o f t h e r a n g e . The p r a c t i c a l mean ing o f t h i s p r a c t i c e 

w i l l become more c l e a r a f t e r y o u ' v e r e a d P a r t I I . 
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D. R i s k  

One l a s t m a t t e r we w i s h t o t a k e up i n t he o p e n i n g p a r t o f t h i s 

r e p o r t i s p r o p e r t r e a t m e n t o f r i s k . R i s k a s u s e d h e r e i s e s s e n t i a l l y t he 

chance t h a t a p a r t i c u l a r i n v e s t m e n t w i l l r e t u r n l e s s t h a n some s p e c i f i e d r a t e 

o f r e t u r n . One c o n t e n t i o n r e g a r d i n g r i s k t h a t f r e q u e n t l y a p p e a r s i n t he 

l i t e r a t u r e i s t h a t government i n v e s t m e n t d e c i s i o n s ought t o u s e a s a f e r a t e ^ ^ 

( e . g . , t he T r e a s u r y b o r r o w i n g r a t e ) f o r d i s c o u n t i n g p u r p o s e s . A n o t h e r i s t h a t 

p r o s p e c t i v e i n v e s t m e n t s ought t o be s o r t e d i n t o " r i s k c l a s s e s " w i t h h i g h e r 

d i s c o u n t r a t e s u s e d f o r r i s k i e r c l a s s e s o f i n v e s t m e n t . We b e l i e v e b o t h 

o f t h e s e p r o c e d u r e s t o be i n c o r r e c t . I n f a c t t hey c o u l d p r o v e p e r v e r s e to 

t he s o c i a l o b j e c t i v e o f o p t i m a l a l l o c a t i o n o f r e s o u r c e s . R i s k must be 

c o n s i d e r e d , bu t no t by a d j u s t i n g t he d i s c o u n t r a t e . R a t h e r , i t s h o u l d be 

i n c o r p o r a t e d i n t o p r o c e d u r e s u s e d t o c a l c u l a t e t h e e x p e c t e d c a s h f l o w d a t a . 

U n c e r t a i n t y abou t t he f u t u r e c l e a r l y e n t e r s any e f f o r t to make 

p r o j e c t i o n s o f c a s h f l o w s . And t he more d i s t a n t t he t i m e p e r i o d , t he more 

u n c e r t a i n p r o j e c t i o n s a r e l i k e l y t o b e . A p r o j e c t e d c a s h f l o w s e r i e s w i l l 

u s u a l l y be b u i l t f r om p r o j e c t i o n s o f v a r i o u s c o s t , p r i c e , and q u a n t i t y 

e l e m e n t s i n c l u d i n g : e x p e c t e d vo lume o f o u t p u t o f an o p e r a t i o n , u n i t l a b o r 

r e q u i r e m e n t s , wage r a t e s , p r i c e s , m a i n t e n a n c e c o s t s , power r e q u i r e m e n t s , 

and s c r a p , t r a d e - i n o r r e s a l e v a l u e s o f t h e raw m a t e r i a l s and p r o d u c t i o n 

e q u i p m e n t . The v a l u e s o f e a c h e l e m e n t c o u l d t r a c e a v a r i e t y of a l t e r n a t i v e 

p a t h s o v e r t h e f u t u r e . We do no t know i n a d v a n c e w h i c h o f t he many p o s s i b l e 

p a t h s w i l l be t a k e n i n the f i n a l o u t c o m e . 

I n p r i n c i p l e we can accommodate some measu re o f u n c e r t a i n t y by 

p r o p e r l y s t r u c t u r i n g t he p r o j e c t i o n s . F u t u r e c a s h f l o w s , or t he e l e m e n t s 

t h a t c o m p r i s e t hem, can be t h o u g h t of i n t e rms of a d i s t r i b u t i o n o f p o s s i b l e 

ou tcomes w i t h a p r o b a b i l i t y o f o c c u r r e n c e a s s i g n e d to e a c h . T h i s p r o c e ­

du re i s d e s c r i b e d i n s t a n d a r d r e f e r e n c e s . W e ' l l s i m p l y i l l u s t r a t e t he i d e a 

by c o n s i d e r i n g t he e a r l i e r s i m p l e examp le w i t h t h e f o l l o w i n g c a s h f l o w s : 

- $ 1 0 0 , 0 0 0 ; $ 3 0 , 0 0 0 ; $ 8 0 , 0 0 0 

To s i n g l e ou t j u s t one q u a n t i t y , t h e p r o j e c t e d c a s h i n f l o w o f 

$ 8 0 , 0 0 0 a t t he end o f y e a r 2 i s i n any p r a c t i c a l c a s e u n c e r t a i n . One p o s s i b l e 

mode l o f ou r u n c e r t a i n t y wou ld be t h a t $80 ,000 m e r e l y r e p r e s e n t s t he e x p e c t e d 

v a l u e ( t he mean) o f a d i s t r i b u t i o n of p o s s i b l e o u t c o m e s : 
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FIGURE 1.1 

t he end o f y e a r 2 

Cash f l o w s p r o j e c t e d f o r o t h e r t i m e p e r i o d s a r e a l s o u n c e r t a i n ( t h o u g h 

p resumab l y t h o s e c l o s e r to t h e p r e s e n t h a v e l e s s v a r i a n c e ) . D i s c o u n t i n g t he 

e x p e c t e d v a l u e s f o r t he c a s h f l o w s , w h i c h i s what we d i d e a r l i e r , w i l l g e n e r a t e 

a s i n g l e p r e s e n t v a l u e a t any g i v e n d i s c o u n t r a t e . I f we c o u l d t a k e f u l l y 

i n t o a c c o u n t t h e p r o b a b i l i t i e s o f g e t t i n g c a s h f l o w s d i f f e r e n t f r om the 

e x p e c t e d v a l u e s (and t h a t ' s a t r i c k y m a t t e r s i n c e t h e y a r e no t i n g e n e r a l 

i n d e p e n d e n t ) , t h e n we c o u l d g e n e r a t e a d i s t r i b u t i o n of p r e s e n t v a l u e s t h a t 

wou ld r e f l e c t our u n c e r t a i n t y abou t c a s h f l o w p r o j e c t i o n s . 

A m e c h a n i c a l l y s i m p l e r a p p r o a c h i s to e x p r e s s ou r u n c e r t a i n t y 

by s p e c i f y i n g a s m a l l number o f p o s s i b l e o u t c o m e s . E a c h outcome i s a s s i g n e d 

a p r o b a b i l i t y o f o c c u r r e n c e i n s u c h a way t h a t t he t o t a l o f t h e p r o b a b i l i t i e s 

e q u a l s 1. F o r an examp le of t h i s , t a k e t he s e c o n d - y e a r i n f l o w o f $ 8 0 , 0 0 0 . 

Suppose t h a t v a l u e to be d e r i v e d f r om (a) a v o l u m e e s t i m a t e and (b) an 

e s t i m a t e d ne t v a l u e p e r u n i t . We j u d g e we may p r o d u c e 2 1 , 0 0 0 u n i t s , bu t 

t h e r e i s some c h a n c e o u t p u t c o u l d be l o w e r . We may c h o o s e t o e x p r e s s 

our u n c e r t a i n t y abou t vo lume of o u t p u t i n t h e f o l l o w i n g w a y : 

P r o d u c t i o n P r o b a b i l i t y o f 
Volume t h a t Outcome 

2 1 , 0 0 0 3 /4 

1 7 , 0 0 0 1/4 

S i m i l a r l y , s a y we a r e u n c e r t a i n a b o u t t he n e t v a l u e p e r u n i t a s f o l l o w s : 
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Net V a l u e P r o b a b i l i t y o f 
P e r U n i t t h a t Outcome 

$ 4 . 2 0 1/2 

3 . 8 0 1/2 

I f we assume the v o l u m e and n e t u n i t v a l u e ou tcomes t o be i n d e p e n d e n t , t h e n 

t he f o l l o w i n g p r o b a b i l i t i e s f o r t he v a r i o u s u n i t n e t v a l u e and vo lume c o m b i n a ­

t i o n s a r e g e n e r a t e d : 

and u n i t n e t t h e n c a s h w i t h p r o b -
I f vo lume i s . . . v a l u e i s . . . f l o w i s . . . a b i l i t y . . . 

2 1 , 0 0 0 $ 4 . 2 0 $ 8 8 , 2 0 0 ( 3 / 4 ) ( l / 2 ) = 3 / 8 

2 1 , 0 0 0 3 . 8 0 7 9 , 8 0 0 ( 3 / 4 ) ( l / 2 ) = 3 / 8 

1 7 , 0 0 0 4 . 2 0 7 1 , 4 0 0 ( 1 / 4 ) ( l / 2 ) = l / 8 

1 7 , 0 0 0 3 . 8 0 6 4 , 6 0 0 ( 1 / 4 ) ( 1 / 2 ) = 1 / 8 

The e x p e c t e d v a l u e o f t he c a s h f l o w a t t he end o f y e a r 2 i s t he w e i g h t e d sum 

o f e a c h p o s s i b l e outcome — w e i g h t e d by t h e a s s o c i a t e d p r o b a b i l i t y o f o c c u r r e n c e , 

E x p e c t e d v a l u e = $ 8 8 , 2 0 0 x 3 /8 

+ 7 9 , 8 0 0 x 3 /8 

+ 7 1 , 4 0 0 x 1 /8 

+ 6 4 , 6 0 0 x 1 /8 

$ 8 0 , 0 0 0 

A s s u m i n g a t t h i s p o i n t t h a t t h e f i r s t two c a s h f l o w f i g u r e s i n our 

examp le ( - $ 1 0 0 , 0 0 0 ; $ 3 0 , 0 0 0 ) a r e known w i t h c e r t a i n t y , we now have a v a i l a b l e 

a p r o b a b i l i t y d i s t r i b u t i o n o f c a s h f l o w s e r i e s embody ing t he e x p r e s s e d 

u n c e r t a i n t i e s o v e r t he f i n a l c a s h f l o w : 

P r e s e n t 
C a s h f l o w Outcome P r o b a b i l i t y o f V a l u e @ 6% 

( $ 1 , 0 0 0 ) t h a t Outcome ( $ 1 , 0 0 0 ) 

- 1 0 0 , 3 0 , 8 8 . 2 3 ou t of 8 6 . 8 

- 1 0 0 , 3 0 , 7 9 . 8 3 ou t of 8 - 0 . 7 

- 1 0 0 , 3 0 , 7 1 . 4 1 ou t of 8 - 8 . 2 

- 1 0 0 , 3 0 , 6 4 . 6 1 ou t of 8 - 1 4 . 2 

We c a n t h e n compute a " d i s c r e t e " p r o b a b i l i t y d i s t r i b u t i o n o f p r e s e n t v a l u e s 

a t any g i v e n d i s c o u n t r a t e a s h a s been done a t 6 p e r c e n t i n t he t h i r d co lumn 

a b o v e . T h i s d i s t r i b u t i o n o f p r e s e n t v a l u e s does convey u s e f u l i n f o r m a t i o n 
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abou t u n c e r t a i n t y and r i s k , h o w e v e r , t he m a i n p u r p o s e of c o n s i d e r i n g a l t e r n a ­

t i v e outcomes and t h e i r a s s o c i a t e d p r o b a b i l i t i e s i s t o a r r i v e a t t he e x p e c t e d 

c a s h f l o w ou tcome. T h e n , i t i s s u f f i c i e n t to d e f i n e p r e s e n t - v a l u e d e c i s i o n 

r u l e s based on t h e s e e x p e c t e d v a l u e s o n l y . T h a t i s , i n s t e a d o f d e a l i n g w i t h 

t he f o u r d i f f e r e n t c a s h f l o w ou tcomes o f t h e p r e c e d i n g t a b l e , we need examine 

o n l y t he s i n g l e c a s h f l o w s e r i e s we have d e t e r m i n e d to be t he e x p e c t e d 

(we igh ted a v e r a g e ) v a l u e of t he v a r i o u s p o s s i b l e o u t c o m e s , n a m e l y : 

- $ 1 0 0 , 0 0 0 ; $ 3 0 , 0 0 0 ; $ 8 0 , 0 0 0 

I t i s no t n e c e s s a r y to c o n s i d e r t he v a r i a b i l i t y o r any o t h e r c h a r a c t e r i s t i c 

o f t he outcome d i s t r i b u t i o n i n t he d e c i s i o n r u l e s . The e x p e c t e d v a l u e s e r i e s 

a l r e a d y has u n c e r t a i n t y b u i l t i n t o i t t h r o u g h t he p r o b a b i l i t i e s w e ' v e a s s i g n e d 

to the v a r i o u s c o n s t i t u e n t o u t c o m e s . 
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PART I I . GENERAL DESCRIPTION OF PRESENT-VALUE PROCEDURES IN CAPITAL 
INVESTMENT DECISION MAKING 

The o b j e c t i v e o f P a r t I I i s to d e s c r i b e p r e s e n t - v a l u e p r o c e d u r e s 

and e x p l a i n how t h e y can be u s e d t o p r o v i d e i n f o r m a t i o n u s e f u l i n i n v e s t m e n t 

d e c i s i o n m a k i n g . I t w i l l be c l e a r f r om the examp les t h a t t h e s e p r o c e d u r e s a r e 

mere l y t o o l s o f a n a l y s i s ; t h a t t hey may p r o v e t o be more o r l e s s u s e f u l i n 

a p a r t i c u l a r a p p l i c a t i o n d e p e n d i n g on t h e n a t u r e o f t he d e c i s i o n - m a k i n g 

p r o b l e m . We w i l l t a k e up f i r s t what we c a l l the s t a n d a r d c a s e i n v o l v i n g 

p rob lems f o r w h i c h d o l l a r v a l u e s c a n be a s s i g n e d b o t h t o t h e s t r e a m of f u t u r e 

b e n e f i t s e x p e c t e d to f l o w f rom the p r o j e c t and a l s o t o e x p e c t e d c o s t f l o w s . 

The s e c o n d c l a s s of c a s e s c o n s i d e r e d w i l l be t h o s e f o r w h i c h d o l l a r v a l u a t i o n 

o f t he e x p e c t e d b e n e f i t s i s no t p o s s i b l e . 

A . The S t a n d a r d Case w i t h B o t h R e c e i p t s and E x p e n d i t u r e s Known 

We s t a r t w i t h a h y p o t h e t i c a l examp le t o i l l u s t r a t e t he s t e p s i n v o l v e d 

i n o r g a n i z i n g and a n a l y z i n g d a t a i n t he s t a n d a r d c a s e . Suppose ou r bank i s 

c o n s i d e r i n g e s t a b l i s h m e n t o f a new b a n k i n g s e r v i c e f o r w h i c h a c h a r g e w i l l be 

made. I t has d e t e r m i n e d two p o s s i b l e l e v e l s o f a c t i v i t y . The f i r s t l e v e l , 

c a l l i t a l t e r n a t i v e A , w i l l p r o d u c e e s t i m a b l e r e v e n u e s o v e r a p e r i o d of y e a r s 

and w i l l g e n e r a t e p a r t i c u l a r c o s t s f o r a c q u i s i t i o n o f e q u i p m e n t , a d d i t i o n a l 

l a b o r and s o o n . The s e c o n d ( h i g h e r ) l e v e l o f a c t i v i t y , a l t e r n a t i v e B , wou ld 

g e n e r a t e g r e a t e r r e v e n u e but w o u l d a l s o r e q u i r e g r e a t e r o u t l a y s f o r e q u i p m e n t , 

l a b o r and s u p p l i e s to h a n d l e t h e g r e a t e r a c t i v i t y . The q u e s t i o n i s w h i c h , 

i f e i t h e r , a l t e r n a t i v e s h o u l d t he bank c h o o s e ? 

1. C o n s t r u c t i n g Net C a s h F l o w S t reams 

Fou r g e n e r a l s t e p s a r e i n v o l v e d i n d e v e l o p i n g t he n e c e s s a r y n e t 

cash f l o w d a t a : (1) d e f i n e t he p r o j e c t h o r i z o n and t i m e u n i t s to be u s e d , 

(2) e s t i m a t e e x p e n d i t u r e f l o w s , (3) e s t i m a t e r e c e i p t s f l o w s and (4) compute 

the r e s u l t i n g ne t c a s h f l o w s t r e a m s . A l l f o u r s t e p s r e q u i r e judgment a s t o 

what f a c e t s o f t h e p r o b l e m c a n ( c a n ' t ) be a d e q u a t e l y q u a n t i f i e d and i n c o r p o r a t e d 

i n t o n e t c a s h f l o w d a t a . These d e c i s i o n s l a r g e l y d e t e r m i n e w h e t h e r u s e f u l 

i n f o r m a t i o n w i l l come ou t o f t he p r e s e n t - v a l u e a n a l y s i s . 



- 18 -

• Project Horizon and Time Units 

A number of f a c t o r s u s u a l l y i n f l u e n c e c h o i c e of t he p r o j e c t h o r i z o n . 

The e x p e c t e d l i f e o f key p r o c e s s i n g equ ipmen t o r c o n v e n t i o n a l r e p l a c e m e n t 

p r a c t i c e s m i g h t i n d i c a t e an a p p r o p r i a t e p l a n n i n g c y c l e . Equ ipmen t l e a s e 

p e r i o d s may p l a y a p a r t . F o r ou r examp le we assume a n a l y s t s have d e c i d e d , 

a f t e r c o n s i d e r i n g the f a c t o r s above and o t h e r r e l e v a n t i n f o r m a t i o n , t h a t 

r e v e n u e and c o s t s t r e a m s t h r o u g h o u t t he f o r e s e e a b l e f u t u r e w i l l f o l l o w a 

r e a s o n a b l y p r e d i c t a b l e t h r e e - y e a r c y c l e and t h a t i t i s a d e q u a t e f o r t h i s 

p r o b l e m to s i m p l y examine one t h r e e - y e a r c y c l e . I f t h e r e i s doubt on t h i s 

p o i n t t he a n a l y s i s can be e x t e n d e d to c o v e r a d d i t i o n a l t h r e e - y e a r c y c l e s 

i n o r d e r t o d e t e r m i n e w h e t h e r t he c o n c l u s i o n s w o u l d be a l t e r e d . T h e r e a r e 

few i f any g e n e r a l r u l e s to g u i d e t he a n a l y s t i n t h e c h o i c e o f t he p r o j e c t 

p l a n n i n g h o r i z o n . 

H a v i n g c h o s e n a t h r e e - y e a r h o r i z o n , i t r e m a i n s t o s e l e c t an a p p r o ­

p r i a t e t i m e u n i t . Somet imes t h e n a t u r e o f t he p r o j e c t w i l l s u g g e s t an o b v i o u s 

c h o i c e , somet imes n o t . Suppose i n ou r examp le t h a t e l e m e n t s of c a s h f l o w s 

( b i l l i n g s , equ ipmen t r e n t a l p a y m e n t s , wage p a y m e n t s , e t c . ) o c c u r v a r i o u s l y 

a t q u a r t e r l y , m o n t h l y , s e m i m o n t h l y , b i w e e k l y and w e e k l y i n t e r v a l s . Some 

c o n s i d e r a t i o n s i n c h o i c e o f a t i m e u n i t a r e : 

(1 ) I f we c h o o s e t he week a s t h e t i m e u n i t , t h e i m p o r t a n t m o n t h l y 

and q u a r t e r l y d a t a must a r b i t r a r i l y be i n t e r p o l a t e d t o d e r i v e 

w e e k l y f i g u r e s . Then t o o , t h r e e y e a r s ( t h e p r o j e c t h o r i z o n ) 

o f w e e k l y d a t a i n v o l v e s o v e r 150 t i m e o b s e r v a t i o n i n t e r v a l s ; 

i n g e n e r a l , i t i s more c o s t l y t o h a n d l e l a r g e amounts o f d a t a . 

(2) I f we choose t he month as t he t i m e u n i t , s e m i m o n t h l y d a t a c o u l d 

e a s i l y be a g g r e g a t e d to p r o v i d e m o n t h l y f i g u r e s though w e e k l y 

and b i w e e k l y d a t a w o u l d c a u s e some a g g r e g a t i o n p r o b l e m s . 

Q u a r t e r l y d a t a must s t i l l be i n t e r p o l a t e d t o d e r i v e e q u i v a l e n t 

m o n t h l y f i g u r e s . W i t h a m o n t h l y t i m e u n i t t he t o t a l number of 

d a t a i n t e r v a l s i s r e d u c e d t o 36 ( t h r e e y e a r s o f m o n t h l y d a t a ) , 

no t an u n w i e l d l y number . 

(3) A t i m e u n i t o f one q u a r t e r e l i m i n a t e s t he need t o i n t e r p o l a t e d a t a . 

Twe l ve i n t e r v a l s ( t h r e e y e a r s o f q u a r t e r l y d a t a ) i s c e r t a i n l y 

m a n a g e a b l e . The q u e s t i o n b e c o m e s , i s t h i s t o o few o b s e r v a t i o n s ? 

W i l l q u a r t e r l y d a t a mask i m p o r t a n t f e a t u r e s o f t he p r o b l e m o r wou ld 
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a l l the e s s e n t i a l i n f o r m a t i o n s t i l l be r e v e a l e d ? A g a i n , t h e r e a r e 

few g e n e r a l r u l e s to g u i d e the a n a l y s t . From ou r e x p e r i e n c e 12 

o b s e r v a t i o n s i s no t o b v i o u s l y t oo f e w . Doubt c a n be r e s o l v e d i n 

any p a r t i c u l a r c a s e by e x t e n d i n g t he a n a l y s i s to t he n e x t f i n e r t ime 

u n i t to d e t e r m i n e w h e t h e r t he c o n c l u s i o n s d i f f e r . F o r our examp le 

we assume q u a r t e r l y d a t a a r e a c c e p t a b l e . 

(4) From the s t a n d p o i n t o f c o m p u t a t i o n a l r e q u i r e m e n t s , t i m e u n i t s 

g r e a t e r t han one q u a r t e r a l s o c o u l d be u s e d ; h a l f y e a r s , a n n u a l 

d a t a , even a u n i t m e a s u r i n g t he f u l l t h r e e y e a r s i s no t m e c h a n i c a l l y 

i m p o s s i b l e . The m a i n p o i n t o f a c a s h f l o w a n a l y s i s , h o w e v e r , i s 

t o p r o p e r l y a c c o u n t f o r t he i m p o r t a n c e of d i f f e r e n t i a l t i m i n g o f 

c a s h f l o w s . To choose a t i m e u n i t so l a r g e t h a t a l l f l o w s a r e 

c l u s t e r e d a t a few p o i n t s w i d e l y spaced i n t i m e c o n c e a l s t h e 

v e r y i n f o r m a t i o n we a r e t r y i n g to e x p l o i t . 

One f i n a l p o i n t on t he m a t t e r of t i m e s c a l e . Our examp le i n v o l v e s 

12 q u a r t e r l y t ime i n t e r v a l s . We w i l l adop t t he c o n v e n t i o n of numbe r i ng p o i n t s 

i n t ime ( r a t h e r t h a n i n t e r v a l s ) a s i l l u s t r a t e d b e l o w . 

T ime 
I n t e r v a l . ^ 

1 s t . 
Q t r . 

2nd 1 2 t h 
Q t r . 
' "N 

> 

P o i n t s —* 
i n Time C ) ] I 3 4 5 ( 7 t 1 9 1C 1] 12 > 

Le t t he l e t t e r t be our i n d e x of p o i n t s i n t i m e so t h a t t = 0 i n d i c a t e s t he 

b e g i n n i n g of the f i r s t q u a r t e r of t he p r o j e c t h o r i z o n , t = 1 d e n o t e s t he end 

of the f i r s t q u a r t e r and t he b e g i n n i n g of t he s e c o n d , and s o on t h r o u g h t = 12 

w h i c h i s the end o f t h e t w e l f t h q u a r t e r and a l s o t he end o f t he p r o j e c t h o r i z o n 

f o r t h i s p r o b l e m . 

• Expenditure flows 

Our i n v e s t m e n t d e c i s i o n w i l l i n v o l v e a c c e p t i n g one o r the o t h e r o f 

two m u t u a l l y e x c l u s i v e c o u r s e s of a c t i o n , or r e j e c t i n g b o t h a l t e r n a t i v e s . 

One a l t e r n a t i v e i s t o e s t a b l i s h a c e r t a i n ( l o w e r ) l e v e l o f bank s e r v i c e 

( a l t e r n a t i v e A ) . The s e c o n d i s to e s t a b l i s h a h i g h e r l e v e l o f bank s e r v i c e 
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( a l t e r n a t i v e B ) . A n a l y s i s of b o t h a l t e r n a t i v e s must be based on the t ime 

s c a l e d e s c r i b e d a b o v e . The t a s k b e f o r e us now i s to e s t i m a t e t he sequence o f 

q u a r t e r l y c a s h o u t f l o w s ( e x p e n d i t u r e s ) f o r e a c h a l t e r n a t i v e . 

Cash f l o w d a t a , a s the name s u g g e s t s , i n c l u d e o n l y m o n e t a r y t r a n s ­

a c t i o n s i n w h i c h t he o w n e r s h i p o f f u n d s i s t r a n s f e r r e d to o r f rom the i n d i v i d u a l 

o r c o r p o r a t i o n m a k i n g t he d e c i s i o n . A c c o u n t i n g a r t i f i c e s , s u c h a s d e p r e c i a ­

t i o n a c c o u n t s o r r e s e r v e s f o r p o s s i b l e f u t u r e l o s s e s , have no p a r t i n a c a s h 

2 / 

f l o w a n a l y s i s . — 

C o n s t r u c t i n g a c a s h f l o w s t r e a m r e q u i r e s t h a t we f o r e c a s t f u t u r e 

e v e n t s — a p r o c e s s i n v o l v i n g u n c e r t a i n t y . The p r o c e d u r e d i s c u s s e d a t the end 

o f P a r t I c o u l d be h e l p f u l . B a s i c a l l y t h a t i n v o l v e s e s t i m a t i n g two o r more 

r e a l i s t i c a l t e r n a t i v e l e v e l s f o r e x p e n d i t u r e ou tcomes f o r e a c h t i m e p e r i o d , 

a s s i g n i n g p r o b a b i l i t i e s of o c c u r r e n c e to e a c h o u t c o m e , and c a l c u l a t i n g 

w e i g h t e d a v e r a g e s ( " e x p e c t e d v a l u e s " ) f o r e a c h p e r i o d . F o r p r e s e n t - v a l u e 

a n a l y s i s i t i s i m p o r t a n t t h a t t he c a s h f l o w e s t i m a t e s r e p r e s e n t the e x p e c t e d 

( i . e . , mean or w e i g h t e d a v e r a g e ) o u t c o m e s , no t s i m p l y an i d e a l o r f a v o r a b l e 

ou tcome. 

A c t u a l c a s h f l o w t r a n s a c t i o n s o c c u r on a p a r t i c u l a r d a y . F o r e x a m p l e , 

a r e g u l a r m o n t h l y equ ipment l e a s e payment may be made o n , s a y , t he f i r s t o f 

F e b r u a r y . Our t ime s c a l e has no f i r s t o f F e b r u a r y . I t has a f i r s t o f J a n u a r y 

and a f i r s t o f A p r i l ( t h e b e g i n n i n g and end r e s p e c t i v e l y of t he q u a r t e r c o n ­

t a i n i n g F e b r u a r y f i r s t ) . To w h i c h of t h e s e two p o i n t s do we a t t a c h t he l e a s e 

payment? A g a i n , no h a r d and f a s t r u l e s e x i s t . The a n a l y s t must d e c i d e what 

p r o c e d u r e s a r e b e s t s u i t e d to the p r o b l e m a t h a n d . I f the t ime u n i t c h o s e n i s 

s u f f i c i e n t l y s m a l l t he p r o b l e m w i l l be a m i n o r o n e . I f t he t i m e u n i t i s l a r g e r 

( r e l a t i v e to t he t o t a l p r o j e c t h o r i z o n e s p e c i a l l y ) t h e n more a t t e n t i o n must 

be g i v e n to t h i s i s s u e . 

I n ou r examp le t he m a j o r l a r g e o u t l a y s f o r equ ipment and o t h e r 

f a c t o r s a r e assumed to be a s s i g n a b l e t o the p o i n t t = 0 . By t = 2 and beyond 

t he o u t f l o w s have s e t t l e d down t o r e f l e c t r e c u r r i n g o p e r a t i n g expenses and 

r e g u l a r c a s h payments f o r l e a s e c o n t r a c t s . The e s t i m a t e d e x p e n d i t u r e s t r e a m 

i n c l u d e s a s m a l l , s t e a d y i n c r e a s e due to a n t i c i p a t e d i n c r e a s e s i n l a b o r and 

— E x c e p t i n s o f a r a s t h e y may a f f e c t c a s h f l o w s , a s d e p r e c i a t i o n 
r e d u c e s income t a x p a y m e n t s . We assume h e r e no s u c h s i t u a t i o n e x i s t s and 
t h a t , i n f a c t , e i t h e r t h e r e i s no income t a x o r t h a t we have d e c i d e d a 
b e f o r e - t a x a n a l y s i s i s a p p r o p r i a t e to t he p r e s e n t p r o b l e m . 
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o t h e r c o s t s . T a b l e I I . 1 g i v e s assumed c a s h o u t f l o w d a t a f o r each a l t e r n a t i v e . 

The n o t a t i o n d e n o t e s t he e x p e n d i t u r e f l o w s f o r a l t e r n a t i v e A and s i m i l a r l y 

TABLE I I . l 

E x p e n d i t u r e Cash F l o w s 

„A B 
t E_ E 

0 $ -1350 $ -2175 
1 - 2 0 0 - 3 1 0 
2 - 2 6 0 - 3 9 0 
3 - 2 6 2 - 3 9 4 
4 - 2 6 5 - 3 9 8 
5 - 2 6 5 - 4 0 3 
6 - 2 6 7 - 4 0 9 
7 - 2 6 9 - 4 1 2 
8 - 2 7 0 - 4 1 3 
9 - 2 7 4 - 4 1 9 

10 - 2 7 6 - 4 1 9 
11 - 2 7 8 - 4 2 0 
12 - 2 8 0 - 4 2 3 

T o t a l $ - 4 5 1 6 $ - 6 9 8 5 

Much of t he d i s c u s s i o n of e x p e n d i t u r e f l o w s a p p l i e s a l s o to r e c e i p t s . 

On ly a c t u a l c a s h t r a n s f e r s a r e r e c o r d e d . T h u s , u n l i k e some a c c o u n t i n g p r a c ­

t i c e s , an i n f l o w i s no t r e c o r d e d a t t he t i m e of s a l e u n l e s s c a s h i s r e c e i v e d 

a t t h a t t i m e . F o r e c a s t c a s h i n f l o w s a l s o must r e p r e s e n t the e x p e c t e d ( i . e . , 

mean o r a v e r a g e ) ou tcomes no t h i g h o r l o w e x t r e m e s . A g a i n , no g e n e r a l r u l e s 

e x i s t f o r a s s i g n i n g i n t r a p e r i o d c a s h r e c e i p t s to a p a r t i c u l a r v a l u e of e n d -

o f - p e r i o d t ime ( t ) . Common s e n s e may s u g g e s t a p r o c e d u r e . I f the t i m e u n i t 

was c h o s e n a d e q u a t e l y s m a l l , no m a j o r p r o b l e m s w i l l be e n c o u n t e r e d . 

The l e t t e r R w i l l be u s e d to d e n o t e t he c a s h r e c e i p t s f l o w s w i t h 

the a p p r o p r i a t e s u p e r s c r i p t (A o r B) t o d e n o t e t he p a r t i c u l a r a l t e r n a t i v e . I n 

our example we assume no i n f l o w s w i l l be r e c e i v e d u n t i l t = 2 . 

We must a l s o r e c o g n i z e t he s c r a p v a l u e o f equ ipment a t t he end of 

t he c y c l e . S c r a p v a l u e s s h o u l d r e p r e s e n t e s t i m a t e s o f a c t u a l amounts w h i c h 

c o u l d be o b t a i n e d by s a l e on t he u s e d equ ipment m a r k e t , o r t he b e s t a t t a i n a b l e 
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a l t e r n a t i v e . S c r a p v a l u e i s no t d e t e r m i n e d by a r b i t r a r y d e p r e c i a t i o n p r o c e d u r e s 

used i n a c c o u n t i n g p r a c t i c e s . The e s t i m a t e d s t r e a m o f f u t u r e r e c e i p t s i s g i v e n 

i n T a b l e I I . 2 . 

TABLE I I . 2 

R e c e i p t s Cash F l o w s 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

T o t a l 

R^ R* 

$ o $ 0 
0 0 

400 600 
403 605 
407 611 
408 618 
411 625 
414 630 
416 633 
421 640 
424 642 
427 645 
580 999 

$4711 $7248 

> NET CASH FLOW STREAM 

The n e t c a s h f l o w s t r e a m (deno ted by t he l e t t e r F ) i s s i m p l y the sum 

o f the r e c e i p t s t r e a m and t he e x p e n d i t u r e s t r e a m , t a k i n g a c c o u n t of our a g r e e ­

ment to s p e c i f y e x p e n d i t u r e s a s n e g a t i v e numbers . I f f o r a p a r t i c u l a r v a l u e 

o f t we have r e c e i p t s of $300 and e x p e n d i t u r e s o f $250, the ne t c a s h f l o w 

f o r t h a t v a l u e o f t i s . . . 

(+$300) + (-$250) = (+$50) 

P r o b l e m s amenab le t o c a s h f l o w a n a l y s i s f r e q u e n t l y i n v o l v e l a r g e 

e x p e n d i t u r e s ( o u t f l o w s ) w i t h l i t t l e o r no o f f s e t t i n g r e v e n u e s i n the e a r l y 

p e r i o d s . S t a r t - u p c o s t s may r e f l e c t l a r g e i n i t i a l o u t l a y s f o r p l a n t and e q u i p ­

m e n t , i n t e n s i v e e a r l y p l a n n i n g and d e v e l o p m e n t r e q u i r e m e n t s , low i n i t i a l p r o ­

d u c t i v i t y and s o o n . L a t e r p e r i o d s i n the h o r i z o n t y p i c a l l y p r o d u c e a more 

o r l e s s s t e a d y s t r e a m o f p o s i t i v e n e t c a s h f l o w s ( i n f l o w s ) a s income ea rned 

on t he l a r g e r i n i t i a l i n v e s t m e n t . I n many c a s e s , i n c l u d i n g the p r e s e n t e x a m p l e , 

much o f t he l a r g e i n i t i a l i n v e s t m e n t o u t l a y can be bunched a t t = 0 , the v e r y 

b e g i n n i n g o f the p r o j e c t h o r i z o n . T h e r e may o r may no t be a d d i t i o n a l ne t 



o u t f l o w s i n o t h e r p e r i o d s . Heavy equ ipment i n s t a l l a t i o n o r p l a n t c o n s t r u c t i o n 

t y p i c a l l y e x t e n d s o v e r s e v e r a l e a r l y p e r i o d s . The n e t c a s h f l o w s a r e shown i n 

T a b l e I I . 4 . The n e t c a s h f l o w f o r a l t e r n a t i v e A i s g r a p h e d i n F i g u r e I I . 1 

and i s t y p i c a l o f t he t ime p a t t e r n f o r B and f o r many o t h e r p r a c t i c a l p r o b l e m s . 

FIGURE I I . 1 
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2 . A n a l y s i s o f Net C a s h F l o w S t r e a m s 

• selecting the appropriate interest rate 
The n e x t s t e p i n the s t a n d a r d c a s e i n v e s t m e n t d e c i s i o n p r o c e s s i s 

s e l e c t i o n of an a p p r o p r i a t e i n t e r e s t r a t e t o be u s e d i n c o m p u t i n g p r e s e n t 

v a l u e s f o r e a c h ne t c a s h f l o w s t r e a m . Two r a t i o n a l e s f o r c h o o s i n g i n t e r e s t 

r a t e s were d i s c u s s e d i n P a r t I. N e i t h e r g e n e r a t e s an unambiguous n u m e r i c a l 

v a l u e . The f i r s t r a t i o n a l e s u g g e s t e d t he r a t e s h o u l d be a t l e a s t a s h i g h a s 

t h a t p a i d on some r e l a t i v e l y s a f e and l i q u i d f i n a n c i a l a s s e t — a n a l t e r n a t i v e 

" e a r n i n g r a t e " d i r e c t l y and s a f e l y a v a i l a b l e to t h e i n s t i t u t i o n ' s d e c i s i o n 

m a k e r s . Such a r a t e m i g h t t oday f a l l i n the r a n g e o f 5 p e r c e n t to 6 p e r c e n t p e r 

annum. The s e c o n d r a t i o n a l e a r g u e d t h a t t he a p p r o p r i a t e r a t e f o r d i s c o u n t i n g 

i s t he r a t e " s o c i e t y " wou ld e a r n i f the f u n d s i n q u e s t i o n were i n v e s t e d i n the 

most p r o f i t a b l e unused p r i v a t e s e c t o r a l t e r n a t i v e — the m a r g i n a l r e t u r n 

a v a i l a b l e t o p r i v a t e c a p i t a l i n v e s t m e n t . I n p r a c t i c e t h e r e seems to be no 

s a t i s f a c t o r y way t o d e t e r m i n e t h a t number d i r e c t l y , bu t by a s e r i e s of m o d e s t l y 

d e f e n s i b l e a s s u m p t i o n s , we a r g u e d t h a t s o c i e t y ' s a l t e r n a t i v e r e t u r n was l i k e l y 

to l i e somewhere i n t he 7 p e r c e n t to 11 p e r c e n t r a n g e . F o r p u r p o s e s of i l l u s ­

t r a t i n g the p r e s e n t - v a l u e c o m p u t a t i o n , we w i l l i n i t i a l l y use an i n t e r e s t r a t e 

o f 8 p e r c e n t . 

• discounting the cash flow Stream 
Next we d i s c o u n t e a c h v a l u e i n t he n e t c a s h f l o w s t r e a m , u s i n g 

d i s c o u n t f a c t o r s d e t e r m i n e d by t he s e l e c t e d i n t e r e s t r a t e . F o r each v a l u e 

of t i m e ( t ) o v e r t he p r o j e c t l i f e , a d i s c o u n t f a c t o r c a n be computed t a k i n g 

i n t o a c c o u n t b o t h t he i n t e r e s t r a t e and t he l e n g t h of e l a p s e d t i m e f r om 

p r o j e c t b e g i n n i n g ( t i m e t = 0 ) . T a b l e I I . 3 g i v e s d i s c o u n t f a c t o r s (D) f o r 

e a c h o f t he 12 quar te rs at~~8v p e r c e n t p e r y e a r compounded a n n u a l l y : 

where r i s . the i n t e r e s t r a t e . 

http://%e2%80%a2
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TABLE 1 1 . 3 

Q u a r t e r l y D i s c o u n t F a c t o r s a t an 8% A n n u a l R a t e 

t D i s c o u n t F a c t o r (D ) 

0 1 .000 
1 0 . 9 8 1 
2 0 . 9 6 2 
3 0 . 9 4 4 
4 0 . 9 2 6 
5 0 . 9 0 8 
6 0 . 8 9 1 
7 0 . 8 7 4 
8 0 .857 
9 0 .841 

10 0 . 8 2 5 
11 0 .809 
12 0 .794 

The d i s c o u n t f a c t o r a t , s a y , t = 5 t e l l s us t h a t $ 1 , 0 0 0 to be 

r e c e i v e d a t t = 5 i s w o r t h o n l y $908 t o us a t t = 0 . P u t the o t h e r way 

a r o u n d : $908 i n v e s t e d a t t ime t = 0 a t an 8 p e r c e n t a n n u a l i n t e r e s t r a t e 

w i l l be w o r t h $ 1 , 0 0 0 f i v e q u a r t e r s l a t e r . D i s c o u n t f a c t o r s a r e a v a i l a b l e 

i n s t a n d a r d f i n a n c i a l t a b l e s o r c a n e a s i l y be c a l c u l a t e d by e l e c t r o n i c 

c o m p u t e r s . 

• Computing the. Present Value oi the Project 

I n T a b l e I I . 4 w e ' v e e n t e r e d t he p r o j e c t e d n e t c a s h f l o w s assumed 

e a r l i e r f o r h y p o t h e t i c a l p r o j e c t a l t e r n a t i v e s A and B . U s i n g the d i s c o u n t 

f a c t o r s f r om T a b l e I I . 3 , the p r e s e n t v a l u e f o r each q u a r t e r l y f l o w c a n be 

computed by s i m p l e m u l t i p l i c a t i o n : 

P r e s e n t V a l u e = D i s c o u n t F a c t o r x Net Cash F l o w 

PV = D x F 
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TABLE I I . 4 

P r e s e n t V a l u e s D i s c o u n t e d a t 8% 
( D o l l a r s ) 

t D 

A l t . A A l t . B 

t D F A P V A F B P V B 

0 1 .000 - 1 3 5 0 - 1 3 5 0 - 2 1 7 5 - 2 1 7 5 

1 .981 - 2 0 0 -196 - 3 1 0 -304 

2 .962 140 135 210 202 
3 .944 141 133 211 199 
4 .926 142 131 213 197 

5 .908 143 130 215 195 

6 .891 144 128 216 192 
7 .874 145 127 218 191 
8 .857 146 125 220 189 

9 .841 147 124 221 186 
10 .825 148 122 223 184 

11 .809 149 121 225 182 
12 .794 300 238 576 457 

T o t a l 195 - 3 2 263 - 1 0 5 

The p r e s e n t v a l u e f o r e a c h p r o j e c t i s s i m p l y the sum of t he i n d i v i d u a l p r e s e n t 

v a l u e s o v e r a l l v a l u e s of t . F o r p r o j e c t A , a s we can r e a d on T a b l e I I . 4 , 

the p r e s e n t v a l u e d i s c o u n t e d a t 8 p e r c e n t i s - $ 3 2 . F o r p r o j e c t B t he p r e s e n t 

v a l u e i s - $ 1 0 5 . F o r e a c h a l t e r n a t i v e t h e p r e s e n t v a l u e i s l e s s t h a n the sum 

o f the n e t c a s h f l o w s t a k e n w i t h o u t d i s c o u n t i n g . The s i m p l e sums ( t o t a l s 

o f t he F ' s ) a r e a l s o i n a t e c h n i c a l s e n s e p r e s e n t v a l u e s . They a r e the p r e s e n t 

v a l u e s one wou ld o b t a i n u s i n g an i n t e r e s t r a t e o f z e r o p e r c e n t . F o r b o t h c a s h 

f l o w s i n T a b l e I I . 4 , t he h i g h e r t he i n t e r e s t r a t e c h o s e n f o r d i s c o u n t i n g , the 

l o w e r the r e s u l t a n t p r e s e n t v a l u e . T h i s w i l l be the c a s e f o r most c a s h f l o w 
3 / 

s t r e a m s . — 

— I t c a n happen f o r r a t h e r s t r a n g e p a t t e r n s o f c a s h f l o w s t h a t , 
w i t h i n c e r t a i n r a n g e s o f t he d i s c o u n t r a t e , t he p r e s e n t v a l u e w i l l i n c r e a s e 
i f the i n t e r e s t r a t e i s i n c r e a s e d a l i t t l e . A c a s h f l o w w i t h many a l t e r n a t i n g 
n e t i n f l o w s and o u t f l o w s may have t h i s p r o p e r t y . We w i l l e n c o u n t e r few c a s h 
f l o w s o f t h i s t y p e . 
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• Simple Decision rules based on p r e s e n t - V a l u e Computations 

We w i l l d i s c u s s two f a i r l y s t a n d a r d d e c i s i o n r u l e s by w h i c h a l t e r n a ­

t i v e s can be j u d g e d on t he b a s i s of t h e i r p r e s e n t v a l u e s a t a g i v e n i n t e r e s t 

r a t e . The f i r s t a p p l i e s to any p r o j e c t , w h e t h e r o r no t a l t e r n a t i v e s a r e 

b e i n g c o n s i d e r e d . These a r e c a s e s o f " a c c e p t - r e j e c t " d e c i s i o n s where t he 

a l t e r n a t i v e s a r e e i t h e r to adop t a c o n t e m p l a t e d p r o j e c t o r no t t o adop t i t . 

R u l e I; I f t he p r e s e n t v a l u e of a p r o j e c t i s g r e a t e r 
t h a n z e r o , adop t i t . I f t he p r e s e n t v a l u e of a p r o j e c t 
i s l e s s t han or e q u a l to z e r o , do n o t adop t i t . 

The s e c o n d r u l e a p p l i e s i n t he c a s e o f m u l t i p l e a l t e r n a t i v e s w h i c h 

a r e m u t u a l l y e x c l u s i v e , t h a t i s , o n l y one o f t he s e v e r a l a l t e r n a t i v e s c a n be 

s e l e c t e d . The h y p o t h e t i c a l examp le g i v e n above i s o f t h i s t y p e ; s e l e c t e i t h e r 

p r o j e c t A o r B. I f we a d o p t one we c a n ' t a d o p t t he o t h e r . 

R u l e I I : I f two o r more m u t u a l l y e x c l u s i v e a l t e r n a t i v e s 
have p r e s e n t v a l u e s g r e a t e r t h a n z e r o , a d o p t t h a t a l t e r n a ­
t i v e w i t h t he g r e a t e s t p r e s e n t v a l u e . 

A p p l y i n g r u l e I t o ou r h y p o t h e t i c a l p r o b l e m we wou ld c o n c l u d e t h a t 

n e i t h e r a l t e r n a t i v e s h o u l d be s e l e c t e d . B o t h have n e g a t i v e p r e s e n t v a l u e s 

d i s c o u n t e d a t 8 p e r c e n t . We m i g h t n o t e t h a t a l t h o u g h a l t e r n a t i v e B a p p e a r e d 

s u p e r i o r to A i n te rms o f t he s i m p l e sums of n e t f l o w s ($263 f o r B compared 

w i t h $195 f o r A ) , a f t e r d i s c o u n t i n g a t 8 p e r c e n t t h e o r d e r i n g i s r e v e r s e d 

( -$105 f o r B compared w i t h - $ 3 2 f o r A ) . 

3 . M u l t i p l e P r e s e n t - V a l u e C o m p u t a t i o n s , I n t e r n a l R a t e of R e t u r n , and More 
G e n e r a l i z e d D e c i s i o n P r o c e d u r e s 

The re i s s i m p l y no way i n p r a c t i c e t o s i n g l e ou t one " b e s t " i n t e r e s t 

r a t e f o r i n v e s t m e n t a n a l y s i s p u r p o s e s . We recommend t h a t a r a n g e o f i n t e r e s t 

r a t e s — r a t h e r t h a n j u s t one — be u s e d a s a b a s i s f o r p r e s e n t - v a l u e c a l c u ­

l a t i o n s . M u l t i p l e p r e s e n t - v a l u e c o m p u t a t i o n s , now r e n d e r e d r e l a t i v e l y s i m p l e 

t h r o u g h compute r p r o g r a m s , w i l l c o n s i d e r a b l y enhance t h e i n f o r m a t i o n p r o v i d e d 

to the d e c i s i o n m a k e r . We s u g g e s t t h a t p r e s e n t - v a l u e i n f o r m a t i o n f o r e a c h 

p r o j e c t be p r e p a r e d a s a c o n t i n u o u s g r a p h o v e r a r e a s o n a b l y w i d e r a n g e o f 

i n t e r e s t r a t e s , s a y 0 to 16 o r 20 p e r c e n t , and t h a t t h e g r a p h s s o p r e p a r e d 

be the b a s i s f o r d i s p l a y i n g p r e s e n t - v a l u e i n f o r m a t i o n a b o u t i n v e s t m e n t 

a l t e r n a t i v e s . The n e x t s u b s e c t i o n e x p l a i n s s u c h a p r o c e d u r e . 
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Present-value properties over a range of interest rates 

I n ou r p r i o r e x a m p l e , a l t e r n a t i v e A had a s e r i e s o f n e t c a s h f l o w s 

a s r e p r e s e n t e d i n t he f o l l o w i n g d i a g r a m : 

FIGURE I I . 2 

Net Cash F l o w 

$ 4 0 0 i 

Time 

The a c t u a l q u a r t e r l y n e t c a s h f l o w s f o r e a c h v a l u e of t ime t c a n be though t 

o f a s p r e s e n t v a l u e s f o r t he s p e c i a l c a s e i n w h i c h t he d i s c o u n t r a t e i s e q u a l 

t o z e r o . To put i t a n o t h e r w a y , no t d i s c o u n t i n g a t a l l i s the same t h i n g a s 

d i s c o u n t i n g w i t h t he i n t e r e s t r a t e s e t e q u a l to z e r o . T h u s , p r e s e n t v a l u e 

f o r t he p r o j e c t ( a t a z e r o r a t e o f d i s c o u n t ) c a n be v i e w e d a s t he a l g e b r a i c 

sum of the h e i g h t s o f t he b a r s i n t he above d i a g r a m — a sum we c a l c u l a t e d i n 

T a b l e I I . 5 to be $195 . 
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D i s c o u n t i n g t he f l o w s to t i m e t = 0 a t , s a y , a 4 p e r c e n t r a t h e r 

t h a n z e r o p e r c e n t a n n u a l r a t e can be v i e w e d a s a p r o c e s s t h a t has no e f f e c t 

on the l e n g t h of t he ba r a t t = 0 , r e d u c e s t he l e n g t h o f t h e b a r a t t = 1 by 

abou t 1 p e r c e n t , t he b a r a t t = 2 by a b o u t 2 p e r c e n t , and so o n . T h i s 

p r o c e s s i s shown g r a p h i c a l l y i n F i g u r e I I . 3 : 

FIGURE I I . 3 

G i v e n t h a t t he g r e a t e s t p r o p o r t i o n a t e r e d u c t i o n t a k e s p l a c e f o r t he l a t e r 

p o i n t s i n t ime where p o s i t i v e f l o w s p r e d o m i n a t e , the i m p a c t of d i s c o u n t i n g 

on t he p r o j e c t , o f c o u r s e , i s t o r e d u c e i t s p r e s e n t v a l u e . I n c o n t r a s t t o 

the $195 p r e s e n t v a l u e we g o t a t a z e r o r a t e o f d i s c o u n t , we have o n l y a 

$74 p r e s e n t v a l u e a t a 4 p e r c e n t r a t e o f d i s c o u n t . 
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F o r c a s h f l o w p a t t e r n s of the s o r t we have been l o o k i n g a t , s u c c e s s i v e l y 

r a i s i n g t he s e l e c t e d d i s c o u n t r a t e w i l l so s h r i n k the c o n t r i b u t i o n o f the l a t e r , 

p o s i t i v e i n f l o w s , t h a t t he o v e r a l l p r o j e c t p r e s e n t v a l u e wou ld e v e n t u a l l y 

be r e d u c e d to z e r o and t h e n become n e g a t i v e . A t an 8 p e r c e n t a n n u a l r a t e of ] 

d i s c o u n t , a l t e r n a t i v e A has a p r e s e n t v a l u e o f - $ 3 2 ; and h i g h e r i n t e r e s t r a t e s ' 

wou ld r e s u l t o n l y i n l a r g e r n e g a t i v e v a l u e s ( s e e F i g u r e I I . 4 ) . f 

FIGURE I I . 4 1 

I 

Net Cash F l o w 
$ 400 I 

Time 

We c a n summar ize a l l o f t h i s i n f o r m a t i o n on one g r a p h by p l o t t i n g 

p r e s e n t v a l u e on t he v e r t i c a l a x i s a g a i n s t s e l e c t e d i n t e r e s t r a t e s used f o r 

d i s c o u n t i n g on t h e h o r i z o n t a l a x i s . U s i n g compute r p r o g r a m s , p r e s e n t v a l u e s 
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can be computed f o r , s a y , i n t e g e r v a l u e s ( i . e . , 0%, 1%, 2%, 3%, 4 % , . . . ) o v e r 

any r a n g e of r a t e s d e s i r e d . The p o i n t s s o p l o t t e d can t h e n be c o n n e c t e d by 

s t r a i g h t l i n e s t o g i v e a f u l l p i c t u r e o f t he b e h a v i o r o f t he p r e s e n t v a l u e 

o f the a l t e r n a t i v e s a s a f u n c t i o n o f i n t e r e s t r a t e s o v e r t he r a n g e s e l e c t e d . 

T h i s w e ' v e done i n F i g u r e I I . 5 f o r p r o j e c t A u s i n g r a t e s f r om z e r o p e r c e n t to 

16 p e r c e n t . 

FIGURE I I . 5 
$300 $300 

200 

100 v . P r e s e n t V a l u e o f A l t e r n a t i v e A 

0 0 

- 1 0 0 -

- 2 0 0 

- 3 0 0 i i I i i i i i i i l I l I 

- 2 0 0 

- 3 0 0 
2% 4% 6% 8% 10% 12% 14% 16% 

F i g u r e I I . 5 i n d i c a t e s t h a t a l t e r n a t i v e A h a s p r o j e c t - l i f e r e v e n u e s 

e x c e e d i n g p r o j e c t - l i f e o u t l a y s by $ 1 9 5 . I t has p o s i t i v e p r e s e n t v a l u e s a t 

any d i s c o u n t r a t e up to abou t 6 - 1 / 2 p e r c e n t , and h a s n e g a t i v e p r e s e n t v a l u e s 

f o r any d i s c o u n t r a t e s l a r g e r t h a n abou t 6 - 1 / 2 p e r c e n t . The i n t e r e s t r a t e 

a t w h i c h t he p r e s e n t v a l u e of t he p r o j e c t becomes z e r o ( j u s t under 7 p e r c e n t ) 

can be e s t i m a t e d d i r e c t l y f rom the g r a p h , and h a s a s p e c i a l m e a n i n g . The r a t e 

a t w h i c h the p r e s e n t v a l u e of n e t c a s h f l o w s i s z e r o i s t h e s o - c a l l e d " i n t e r n a l 

r a t e of r e t u r n " o f a p r o j e c t o r i n v e s t m e n t . The i n t e r n a l r a t e o f r e t u r n i s 

o f t e n used a s an i n d e x of p r o f i t a b i l i t y and t h e r e a r e v a r i o u s s u g g e s t e d i n v e s t ­

ment c r i t e r i a t h a t b u i l d t h e i r d e c i s i o n r u l e s a r o u n d t h i s c o n c e p t . P r e s e n t -

v a l u e r u l e s , h o w e v e r , a r e more g e n e r a l l y a p p l i c a b l e . We w i l l use p r e s e n t 
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v a l u e a s t he b a s i c c r i t e r i a i n our p r o c e d u r e . The i n t e r n a l r a t e of r e t u r n 

w i l l s e r v e a s an a d d i t i o n a l p i e c e o f i n f o r m a t i o n , f a l l i n g ou t of the c a l c u l a ­

t i o n s . 

• Composting Projects Using a Range of Interest Rates 
Now l e t ' s r e t u r n to our e a r l i e r examp le and p l o t the " p r e s e n t - v a l u e 

c u r v e " f o r e a c h of t he two a l t e r n a t i v e s on t h e same g r a p h . T h i s we do i n 

F i g u r e I I . 6 . 

300 
FIGURE I I . 6 
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200 
\ ^ A l t e r n a t i v e B 
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A l t e r n a t i v e A 
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- 3 0 0 
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These c u r v e s c o n t a i n a c o n s i d e r a b l e amount of a n a l y t i c i n f o r m a t i o n 

t h a t s h o u l d be o f u s e t o t he d e c i s i o n m a k e r . I t ' s i m m e d i a t e l y o b v i o u s f rom the 

g r a p h s t h a t , i n t he a b s e n c e o f any c o n s i d e r a t i o n o f the " t i m e v a l u e " of money, 

a l t e r n a t i v e B w i t h i t s g r e a t e r e x c e s s o f r e v e n u e s o v e r o u t l a y s wou ld be p r e ­

f e r r e d . And i n f a c t a t l o w l e v e l s of i n t e r e s t r a t e s — ou t to abou t 3 - 1 / 2 

p e r c e n t p e r annum — a l t e r n a t i v e B s t i l l h a s a h i g h e r p r e s e n t v a l u e and 

w o u l d , under ou r d e c i s i o n r u l e s , be s e l e c t e d . 



But a t any h i g h e r d i s c o u n t r a t e , a l t e r n a t i v e A h a s t he l a r g e r 

p r e s e n t v a l u e and so wou ld be p r e f e r r e d o v e r B. T h i s c r o s s i n g o f p r e s e n t -

v a l u e c u r v e s i s no t uncommon and i n s u c h c a s e s t he c h o i c e o f t he most " a p p r o ­

p r i a t e " i n t e r e s t r a t e f o r d i s c o u n t i n g p u r p o s e s may become q u i t e c r i t i c a l 

i n h e l p i n g t o j udge w h i c h p r o j e c t i s s u p e r i o r . I f 6 p e r c e n t pe r y e a r i s 

c h o s e n a s the d i s c o u n t r a t e t hen a l t e r n a t i v e A i s s t i l l a t t r a c t i v e (has a 

p o s i t i v e p r e s e n t v a l u e ) bu t a l t e r n a t i v e B i s no l o n g e r a c c e p t a b l e under t he 

c o n v e n t i o n a l d e c i s i o n r u l e b e c a u s e i t s p r e s e n t v a l u e i s n e g a t i v e ( s l i g h t l y ) . 

A t an i n t e r e s t r a t e of 8 p e r c e n t , n e i t h e r p r o j e c t h a s a p o s i t i v e p r e s e n t v a l u e , 

and n e i t h e r p r o j e c t wou ld be a c c e p t a b l e a s measu red by p r e s e n t - v a l u e c r i t e r i a . 

Based on the argument i n t he A p p e n d i x , we recommend the r a n g e 

7 p e r c e n t to 11 p e r c e n t as the most s i g n i f i c a n t r e g i o n f o r p r e s e n t - v a l u e 

c o m p a r i s o n s . Tha t c o u l d mean , i n some c a s e s , a p p l i c a t i o n o f the d e c i s i o n 

" r u l e s " wou ld be a m b i g u o u s . We r e e m p h a s i z e ou r e a r l i e r p o i n t t h a t p r e s e n t -

v a l u e c o m p u t a t i o n s p r o v i d e some, bu t n e v e r a l l , o f t he i n f o r m a t i o n n e c e s s a r y 

to sound d e c i s i o n m a k i n g . So even i f t h e p r e s e n t v a l u e comes ou t n e g a t i v e 

ove r most i f no t a l l o f the 7 p e r c e n t t o 11 p e r c e n t r a n g e , i t wou ld no t be 

c o n c l u s i v e t h a t t he d e c i s i o n must be to r e j e c t t he p r o j e c t . The re a r e a l w a y s 

i n t a n g i b l e s a s s o c i a t e d w i t h any m a j o r d e c i s i o n . I n the c a s e of a l t e r n a t i v e 

A we m igh t i m a g i n e i t r e p r e s e n t s a new l i n e of a c t i v i t y w i t h some s i g n i f i c a n t 

l o n g e r - t e r m p r o m i s e w h i c h we have no way o f i n c o r p o r a t i n g i n t o t he c a s h 

f l o w d a t a . Or p e r h a p s i t r e p r e s e n t s an avenue f o r s t a f f d e v e l o p m e n t t h a t 

we b e l i e v e to be i m p o r t a n t bu t c a n ' t a s s i g n s p e c i f i c d o l l a r v a l u e s to t o d a y . 

So we m i g h t s t i l l choose to go ahead w i t h a l t e r n a t i v e A . And ou r p r e s e n t -

v a l u e c a l c u l a t i o n s may s t i l l be u s e f u l a s measu res o f t he " o p p o r t u n i t y c o s t " 

t h a t the i n t a n g i b l e s i n the p r o j e c t must be j u d g e d to o u t w e i g h . 

I n a n o t h e r s i t u a t i o n , we may w e i g h two a l t e r n a t i v e s t h a t b o t h happen 

to have p o s i t i v e p r e s e n t v a l u e s and d e c i d e t o go w i t h t he l o w e r p r e s e n t -

v a l u e a l t e r n a t i v e . We may r e a s o n , f o r e x a m p l e , t h a t i t r e p r e s e n t s p u r c h a s e 

f rom a d i f f e r e n t equ ipment m a n u f a c t u r e r t h a t we b e l i e v e s h o u l d be e n c o u r a g e d 

i n the i n t e r e s t o f i m p r o v i n g c o m p e t i t i o n i n t he s u p p l i e r s ' m a r k e t . And 

a g a i n , we can r e a d f rom our g r a p h s what t h i s c h o i c e i s c o s t i n g us by o b s e r v i n g 

the d i f f e r e n c e be tween the two p r e s e n t v a l u e s i n t he r e l e v a n t r a n g e of i n t e r e s t 

r a t e s . 
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F i n a l l y we may n o t e t h a t a l t e r n a t i v e A has an i n t e r n a l r a t e o f 

r e t u r n o f j u s t u n d e r 7 p e r c e n t w h i c h i s m o d e s t l y g r e a t e r t h a n t h a t c a l c u l a t e d 

f o r B (abou t 5 - 1 / 2 p e r c e n t ) . P e r h a p s t h a t i n f o r m a t i o n may g i v e us some 

a d d i t i o n a l f e e l i n g f o r w h a t ' s i n v o l v e d i n t he s e l e c t i o n o r r e j e c t i o n o f 

one o r t he o t h e r a l t e r n a t i v e . 

B. The Case i n Wh ich B e n e f i t s ( R e c e i p t s ) Canno t be M e a s u r e d 

I n t h e s t a n d a r d c a s e c o n s i d e r e d i n s e c t i o n A b o t h the e x p e n d i t u r e 

( c o s t ) s t r e a m and the r e v e n u e ( b e n e f i t s ) s t r e a m were known. F o r p u b l i c 

i n s t i t u t i o n s , i n c l u d i n g the F e d e r a l R e s e r v e , i t i s d i f f i c u l t or even 

i m p o s s i b l e to a c c u r a t e l y measu re i n m o n e t a r y te rms t he s o c i a l v a l u e o f many 

o f t he a c t i v i t i e s u n d e r t a k e n . Some p u b l i c a g e n c i e s do a t t e m p t t o a s s i g n 

b e n e f i t v a l u e s to t h e i r p r o j e c t s . T h i s may i n v o l v e v e r y s u b j e c t i v e and 

a r b i t r a r y d e c i s i o n s of v a l u e s a f f e c t i n g t he s o c i a l w o r t h of s a y a b r i d g e , a 

sewer s y s t e m , a r e c r e a t i o n a l s i t e and s o o n . G e n e r a l l y , we recommend t h a t an 

a t t e m p t be made t o e s t i m a t e b e n e f i t s , so t h a t d e c i s i o n - m a k i n g p r o c e d u r e s 

a p p l i c a b l e to t he s t a n d a r d c a s e c a n be u s e d . I f , h o w e v e r , i t i s no t p o s s i b l e 

to make a s u f f i c i e n t l y a c c u r a t e e s t i m a t e of b e n e f i t s , c a s h f l o w a n a l y s i s 

p r o c e d u r e s a r e s t i l l a v a i l a b l e w h i c h p r o v i d e u s e f u l i n f o r m a t i o n f o r d e c i s i o n 

m a k i n g . We w i l l d i s c u s s two s i t u a t i o n s of t h i s k i n d . 

1 . Choose f r om Two o r More A l t e r n a t i v e s by M i n i m i z i n g P r e s e n t V a l u e o f 
t h e C o s t S t r e a m ( B e n e f i t s Assumed to be t he Same f o r Each) 

A t y p i c a l p r o b l e m o f t h i s k i n d i s t he s i t u a t i o n i n w h i c h we have 

been i n s t r u c t e d ( s a y by C o n g r e s s or t he B o a r d of G o v e r n o r s ) to engage i n an 

a c t i v i t y . The p r o b l e m i s to s e l e c t t he mos t e f f i c i e n t (<e7 j ^ , l e a s t c o s t ) 

means t o a c c o m p l i s h t he o b j e c t i v e s of t h e a c t i v i t y . A n o t h e r common s i t u a t i o n 

a r i s e s when management has d e t e r m i n e d , b a s e d on a n a l y s i s a t a b r o a d e r l e v e l , 

t h a t an o b j e c t i v e i s a p p r o p r i a t e ; t h a t e v e n t h o u g h we c a n ' t measure the 

b e n e f i t s t r e a m , i t i s s u r e l y l a r g e enough i n t h e i r judgment s o t h a t t h e n e t 

c a s h f l o w s t r e a m does have a p o s i t i v e p r e s e n t v a l u e a t r e l e v a n t d i s c o u n t r a t e s . 

More g e n e r a l l y , we i n c l u d e h e r e any s i t u a t i o n i n w h i c h i t can be 

assumed t h a t t he a l t e r n a t i v e s a l l have b e n e f i t s t r e a m s w i t h the same p r e s e n t 

v a l u e . The t i m e p a t t e r n s o f t he b e n e f i t s t r e a m s need no t be i d e n t i c a l so 
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l o n g a s t he p r e s e n t v a l u e s a r e t he same. A common examp le o f t h i s t y p e i s 

the l e a s e - b u y d e c i s i o n . A d e c i s i o n may have been made t o a c q u i r e , s a y , 

s p e c i f i c compu te r e q u i p m e n t . The q u e s t i o n i s w h e t h e r t o b u y o r t o l e a s e , and 

i f l e a s e , w h i c h o f s e v e r a l l e a s e o p t i o n s t o e l e c t . A r u l e a p p l i c a b l e to t h e s e 

c a s e s i s : 

R u l e I I I . F o r p r o j e c t s assumed t o have f u t u r e b e n e f i t 
s t r e a m s w i t h the same p r e s e n t v a l u e , a c c e p t t he a l t e r n a t i v e 
f o r w h i c h t he p r e s e n t v a l u e of t h e c o s t s t r e a m i s a m in imum, 
p r o v i d e d t h a t t he p r e s e n t v a l u e of b e n e f i t s i s j u d g e d to 
be a t l e a s t a s g r e a t a s t he p r e s e n t v a l u e o f c o s t s . 

To i l l u s t r a t e t h i s s i t u a t i o n we w i l l c o n s i d e r an examp le i n w h i c h 

the p r o b l e m i s t o d e t e r m i n e on what b a s i s to a c q u i r e t e r m i n a l equ ipment 

f o r a c c e s s t o a c o m m e r c i a l compute r t i m e s h a r i n g s e r v i c e , to be used m a i n l y 

by the R e s e a r c h D e p a r t m e n t . A l l o f t he b a s i c p r i n c i p l e s , p r o b l e m s , and 

p r o c e d u r e s r e g a r d i n g t i m e s c a l e , c o n s t r u c t i n g c a s h f l o w s , and so on a p p l y 

h e r e . 

The o b j e c t i v e o f t he a c q u i s i t i o n i s t o f a c i l i t a t e e c o n o m i c r e s e a r c h 

i n v o l v i n g the use o f l a r g e e c o n o m e t r i c m o d e l s . We assume t h a t t h i s o b j e c t i v e 

has a l r e a d y been j u d g e d by management t o be w o r t h p u r s u i n g , and t h a t v a r i o u s 

a l t e r n a t i v e a p p r o a c h e s to p r o v i d i n g l a r g e r and f a s t e r c o m p u t e r f a c i l i t i e s 

have been c o n s i d e r e d , i n c l u d i n g (a) a c q u i s i t i o n of a l a r g e r Bank c o m p u t e r , 

(b) u s i n g v a r i o u s compu te r s e r v i c e b u r e a u s on a w a l k - i n b a s i s , and ( c ) u s i n g 

the Boa rd of G o v e r n o r ' s compu te r by t r a n s m i t t i n g j o b s and r e c e i v i n g t he o u t p u t 

by m a i l . On t he b a s i s o f an i n i t i a l r e v i e w , w h i c h need no t have i n c l u d e d any 

p r e s e n t - v a l u e p r o c e d u r e s , t he d e c i s i o n h a s been made t h a t c o m m e r c i a l t i m e s h a r i n g 

s e r v i c e s o f f e r t he most e f f i c i e n t and f l e x i b l e a p p r o a c h . Computer t e r m i n a l 

equ ipment must now be i n s t a l l e d , and t he q u e s t i o n i s , on what b a s i s ? 

The i n q u i r y i s based on a t w o - y e a r p r o j e c t h o r i z o n . T h r e e a l t e r n a ­

t i v e s a r e open to u s t h r o u g h a g r e e m e n t s w i t h t he v e n d o r . 

(1) P u r c h a s e t he t e r m i n a l , pay c a s h i n t h e f u l l amount o f $ 1 6 , 7 0 0 
a t t ime t = 0 . 

(2) P u r c h a s e t he t e r m i n a l , pay f o r i t i n 24 e q u a l m o n t h l y i n s t a l l ­
m e n t s , w i t h an i n i t i a l down payment o f $ 1 , 7 0 0 a t t = 0 . 

(3) L e a s e f o r 12 months a t $750 pe r m o n t h , renew the l e a s e f o r 
t he s e c o n d y e a r . 
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F o r t he two p u r c h a s e o p t i o n s i t i s n e c e s s a r y to e s t i m a t e t he " s c r a p " v a l u e 

o f t h e equ ipmen t a t t he end o f t h e t w o - y e a r h o r i z o n . T h i s i s e s s e n t i a l l y 

t he p r i c e we e x p e c t t he equ ipmen t c a n be s o l d f o r on t he u s e d m a r k e t a t 

t i m e t = 2 4 , l e s s a l l t r a n s a c t i o n c o s t s . T h i s s c r a p v a l u e t h e n a p p e a r s 

a s an i n f l o w and a s s u c h has a p o s i t i v e (+) s i g n a t t a c h e d to i t . T a b l e 

I I . 5 g i v e s t he m o n t h l y c a s h f l o w s f o r e a c h a l t e r n a t i v e . N o t i c e t h a t t h e r e 

a r e 24 m o n t h l y i n t e r v a l s s o we have 25 t i m e p o i n t s ( t • 0 , 1 , . . . , 2 4 ) . A l l 

l e a s e o r p u r c h a s e payments a r e assumed t o be made a t t h e b e g i n n i n g o f the 

m o n t h . T h u s , c a s h f l o w f o r t he l e a s e o p t i o n i s z e r o a t t he end of the 2 4 t h 

month ( t = 24) bu t e q u a l t o t he s c r a p v a l u e ( $ 3 , 3 4 0 ) f o r b o t h p u r c h a s e p l a n s . 

TABLE I I . 5 

M o n t h l y Cash F l o w s 

P u r c h a s e , P u r c h a s e , 
T ime Pay Cash 24 Pay L e a s e 

0 $ - 1 6 , 7 0 0 $ -2406 $ - 7 5 0 
1 0 - 7 0 6 - 7 5 0 
2 0 - 7 0 6 - 7 5 0 
3 0 - 7 0 6 - 7 5 0 
4 0 - 7 0 6 - 7 5 0 
5 0 - 7 0 6 - 7 5 0 
6 0 - 7 0 6 - 7 5 0 
7 0 - 7 0 6 - 7 5 0 
8 0 - 7 0 6 - 7 5 0 
9 0 - 7 0 6 - 7 5 0 

10 0 - 7 0 6 - 7 5 0 
11 0 - 7 0 6 - 7 5 0 
12 0 - 7 0 6 - 7 5 0 
13 0 - 7 0 6 - 7 5 0 
14 0 - 7 0 6 - 7 5 0 
15 0 - 7 0 6 - 7 5 0 
16 0 - 7 0 6 - 7 5 0 
17 0 - 7 0 6 - 7 5 0 
18 0 - 7 0 6 - 7 5 0 
19 0 - 7 0 6 - 7 5 0 
20 0 - 7 0 6 - 7 5 0 
21 0 - 7 0 6 - 7 5 0 
22 0 - 7 0 6 - 7 5 0 
23 0 - 7 0 6 - 7 5 0 
24 +3340 +3340 0 
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M u l t i p l e d i s c o u n t r a t e a n a l y s i s i s now a p p l i e d t o t h e s e a l t e r n a t i v e s . 

T a b l e I I . 6 g i v e s t he r e s u l t i n g p r e s e n t v a l u e s f o r s e l e c t e d d i s c o u n t r a t e s . 

TABLE I I . 6 

P r e s e n t V a l u e s 
(a t s e l e c t e d d i s c o u n t r a t e s ) 

. scoun t P u r c h a s e , P u r c h a s e , 
Ra te Pay Cash 24 Pay L e a s e 

0% $ - 1 3 , 3 6 0 $ - 1 5 , 3 0 4 $ - 1 8 , 0 0 0 
1 - 1 3 , 4 2 6 - 1 5 , 2 0 9 - 1 7 , 8 2 9 
2 - 1 3 , 4 9 0 - 1 5 , 1 1 6 - 1 7 , 6 6 3 
3 - 1 3 , 5 5 2 - 1 5 , 0 2 5 - 1 7 , 5 0 0 
4 - 1 3 , 6 1 2 - 1 4 , 9 3 5 - 1 7 , 3 4 0 
5 - 1 3 , 6 7 1 - 1 4 , 8 4 6 - 1 7 , 1 8 5 
6 - 1 3 , 7 2 7 - 1 4 , 7 6 0 - 1 7 , 0 3 2 
7 - 1 3 , 7 8 3 - 1 4 , 6 7 5 - 1 6 , 8 8 3 
8 - 1 3 , 8 3 6 - 1 4 , 5 9 1 - 1 6 , 7 3 7 
9 - 1 3 , 8 8 9 - 1 4 , 5 0 9 - 1 6 , 5 9 4 

10 - 1 3 , 9 4 0 - 1 4 , 4 2 8 - 1 6 , 4 5 4 
12 - 1 4 , 0 3 7 - 1 4 , 2 7 0 - 1 6 , 1 8 2 
15 - 1 4 , 1 7 4 - 1 4 , 0 4 3 - 1 5 , 7 9 5 
20 - 1 4 , 3 8 1 - 1 3 , 6 8 7 - 1 5 , 1 9 8 
25 - 1 4 , 5 6 2 - 1 3 , 3 5 8 - 1 4 , 6 5 5 

The r e s u l t s a r e g r a p h e d on F i g u r e I I . 7 . The " n a i v e d e c i s i o n r u l e " t h a t 

f a i l s t o a c c o u n t f o r t h e t i m e v a l u e o f money ( i . e . , z e r o d i s c o u n t r a t e ) 

shows the p u r c h a s e - w i t h - o n e - p a y m e n t o p t i o n t o be s u p e r i o r ( c o s t o f $ 1 3 , 3 6 0 ) , 

w i t h p u r c h a s e - u s i n g - m o n t h l y - p a y m e n t s a s s e c o n d c h o i c e ( c o s t o f $ 1 5 , 3 0 4 ) , 

and the l e a s e o p t i o n a s t he l e a s t d e s i r a b l e c h o i c e ( c o s t o f $ 1 8 , 0 0 0 ) . 
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Ove r t he 7 p e r c e n t t o 11 p e r c e n t r a n g e t he same r a n k i n g h o l d s but 

t he d i f f e r e n c e i n p r e s e n t v a l u e o f c o s t i s n a r r o w i n g . F o r d i s c o u n t r a t e s 

g r e a t e r t h a n a b o u t 14 p e r c e n t , t he o p t i o n t o p u r c h a s e on t i n e payments becomes 

more d e s i r a b l e t h a n t h e o n e - p a y p u r c h a s e ( t h a t r a n k i n g h o l d s ou t to a t 

l e a s t a 25 p e r c e n t d i s c o u n t r a t e a l t h o u g h t h e l e a s e o p t i o n c l o s e s r a p i d l y 

on the o n e - p a y p u r c h a s e o p t i o n ) . 

( $ 1 , 0 0 0 ) FIGURE I I . 7 

D i s c o u n t Ra te 

So we d e c i d e to buy the m a c h i n e and pay c a s h , r i g h t ? Not n e c e s s a r i l y . 

The t h r e e c a s h f l o w s w e r e c o n s t r u c t e d by c o n s i d e r i n g o n l y a c t u a l known c a s h 

payments and an e s t i m a t e o f t he s c r a p v a l u e of the t e r m i n a l . No o t h e r a s p e c t s 

o f t he p r o b l e m were e x p l i c i t l y i n c o r p o r a t e d i n t o t h e c a s h f l o w s and t he p r e s e n t -
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v a l u e a n a l y s i s c a n p r o v i d e no i n f o r m a t i o n on t h e s e e x c l u d e d f a c t o r s . T h e r e 

a r e i m p o r t a n t a d d i t i o n a l c o n s i d e r a t i o n s . One i s t he d e s i r a b i l i t y o f m a i n t a i n i n g 

a f l e x i b l e p o s i t i o n : r e t a i n i n g t he o p t i o n to d i s p o s e o f t he t e r m i n a l a t low 

c o s t i n t h e e v e n t e a r l y e x p e r i e n c e w i t h t he f a c i l i t y f a i l s to meet a d v a n c e 

e x p e c t a t i o n s , or i n c a s e our needs c h a n g e . 

We mean t o e m p h a s i z e by t h i s d i s c u s s i o n t h a t p r e s e n t - v a l u e a n a l y s i s 

r e p r e s e n t s m e r e l y a t o o l i n d e c i s i o n m a k i n g , no t an all-conclusive key . So 

i t i s q u i t e p o s s i b l e i n t he f a c e of the p r e s e n t - v a l u e d a t a g e n e r a t e d by 

ou r examp le t o a r r i v e a t t he j udgmen t t h a t t he b e n e f i t s of g r e a t e r f l e x i b i l i t y 

o f f e r e d by t he l e a s e o p t i o n w i l l be s u f f i c i e n t to o f f s e t t h e c o s t d i f f e r e n t i a l 

measured by t h e f a c t o r s p r e s e n t i n t he p r e s e n t - v a l u e a n a l y s i s . S t i l l we c a n 

get u s e f u l q u a n t i t a t i v e i n f o r m a t i o n f r om the p r e s e n t - v a l u e t a b l e . A t an 

8 p e r c e n t d i s c o u n t r a t e t he l e a s e o p t i o n c o s t s $ 1 6 , 7 3 7 w h i l e t h e l e a s t e x p e n ­

s i v e o p t i o n , p u r c h a s e f o r c a s h , c o s t s o n l y $ 1 3 , 8 3 6 . The d i f f e r e n c e i n c o s t 

— $ 2 , 9 0 1 — r e p r e s e n t s a minimum v a l u e w h i c h a l l f a c t o r s n o t e x p l i c i t l y 

r e p r e s e n t e d i n t he c a s h f l o w s t r e a m s ough t to e x c e e d i n o r d e r to s u p p o r t ou r 

c h o i c e o f t he l e a s e o p t i o n . 

2 . A c c e p t or R e j e c t an I n v e s t m e n t O p p o r t u n i t y f o r Wh ich B e n e f i t s A r e Not Known 

We w i l l i l l u s t r a t e t h i s k i n d o f d e c i s i o n p r o b l e m by m o d i f y i n g the 

computer t e r m i n a l examp le u s e d a b o v e . Suppose t h i s t i m e we have j u s t one 

a l t e r n a t i v e , t he o n e - p a y p u r c h a s e o p t i o n , and t he c h o i c e i s t o a c c e p t o r 

r e j e c t a c q u i s i t i o n of a t e r m i n a l . B e n e f i t s a v a i l a b l e f r om use of t he t e r m i n a l 

canno t a c c u r a t e l y enough be e s t i m a t e d to a p p l y t he s t a n d a r d d e c i s i o n r u l e s . 

A r u l e a p p l i c a b l e t o t h i s s i t u a t i o n i s : 

R u l e I V : I f t he p r e s e n t v a l u e o f t h e f u t u r e b e n e f i t 
s t r e a m i s j u d g e d t o be a t l e a s t a s g r e a t a s t he p r e s e n t 
v a l u e of t h e c o s t s t r e a m t h e n a c c e p t t he p r o j e c t ; r e j e c t 
t he p r o j e c t o t h e r w i s e . 

A g a i n , t h e same c a s h f l o w s t r e a m i s c o n s t r u c t e d . The same m u l t i -

d i s c o u n t r a t e p r e s e n t - v a l u e c o m p u t a t i o n s a r e p e r f o r m e d . The p r e s e n t v a l u e 

o f c o s t s a t 8 p e r c e n t i s $ 1 3 , 8 3 6 . A l t h o u g h we d o n ' t know the p r e s e n t v a l u e 

o f b e n e f i t s , i f we j u d g e i t t o be a t l e a s t $ 1 3 , 8 3 6 t h e n R u l e IV s a y s go a h e a d , 

a c c e p t t h e p r o j e c t . Not a l l d e c i s i o n s i n v o l v i n g u n m e a s u r a b l e b e n e f i t s c a n 

be r e s o l v e d by f r a m i n g t h e q u e s t i o n i n t h i s m a n n e r . Bu t R u l e IV p r o v i d e s 

a d d i t i o n a l i n f o r m a t i o n w h i c h may be of some v a l u e . 
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The re a r e o t h e r ways to m a n i p u l a t e c a s h f l o w d a t a to p r o v i d e i n f o r m a ­

t i o n t h a t may be u s e f u l i n a g i v e n p r o b l e m . The a n a l y s t w i l l need to e x e r c i s e 

i n g e n u i t y . One c o m p u t a t i o n t h a t may be h e l p f u l i s to compute an e q u i v a l e n t 

e q u a l - p a y m e n t m o n t h l y b e n e f i t s t r e a m w h i c h c o r r e s p o n d s to t he known expense 

f l o w s . F o r t he p r e s e n t e x a m p l e , t h i s m o n t h l y a n n u i t y amount f o r 24 months 

i s $626 . I f management c a n d e t e r m i n e t h a t the v a l u e of the b e n e f i t s i s a t 

l e a s t e q u a l to $626 p e r month o v e r the p r o j e c t l i f e , t h e n , a g a i n , a d e c i s i o n 

to a c c e p t t he p r o j e c t c a n be made even t h o u g h t he e x a c t v a l u e of b e n e f i t s i s 

no t known. 
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PART I I I . AN EXAMPLE ILLUSTRATING PRESENT-VALUE PROCEDURES 

In A p r i l 1971 the Boa rd of G o v e r n o r s i s s u e d b r o a d g u i d e l i n e s 

p e r t a i n i n g to c u r r e n c y and c o i n s e r v i c e s p r o v i d e d by F e d e r a l R e s e r v e B a n k s . 

Among o t h e r p r o v i s i o n s t he s t a t e m e n t s e t f o r t h t h e B o a r d ' s p o s i t i o n t h a t 

R e s e r v e Banks s h o u l d p r o v i d e wrapped c o i n to a l l member banks a t s u c h t i m e 

a s f a c i l i t i e s p e r m i t . Volume of wrapped c o i n a t t he M i n n e a p o l i s Fed i s 

e x p e c t e d t o i n c r e a s e f r om abou t 5 m i l l i o n r o l l s p e r y e a r a t p r e s e n t to abou t 

14 m i l l i o n r o l l s p e r y e a r when t he s e r v i c e i s f u l l y e s t a b l i s h e d i n 1 9 7 3 . 

L a t e r t h i s y e a r an e x t e n s i v e s t u d y w i l l be c o n d u c t e d to choose f r om among 

a number of a l t e r n a t i v e sys tems of c o i n w r a p p i n g equ ipment and t o d e c i d e 

on the p u r c h a s e o r l e a s e q u e s t i o n . The i l l u s t r a t i o n p r e s e n t e d h e r e i s based 

on t h i s c o i n w r a p p i n g q u e s t i o n . Fewer a l t e r n a t i v e s a r e c o n s i d e r e d h e r e 

t h a n w i l l be t r e a t e d i n the subsequen t s t u d y and a number of m i n o r b u t b o t h e r ­

some c o n s i d e r a t i o n s w h i c h must be d e a l t w i t h l a t e r a r e i g n o r e d i n t h i s i l l u s ­

t r a t i o n . N e v e r t h e l e s s , the g e n e r a l a p p r o a c h d e v e l o p e d h e r e i s a r e a l i s t i c 

one i n r e s p o n s e to a r e a l i s t i c p r o b l e m . The s u b s e q u e n t s t u d y w i l l p r o b a b l y 

be based on a s i m i l a r f r a m e w o r k , augmented to t r e a t the a l t e r n a t i v e s i g n o r e d 

h e r e . 

A . D e s c r i p t i o n o f the P rob lem 

A l t h o u g h s e v e r a l equ ipment m a n u f a c t u r e r s have s u b m i t t e d p r o p o s a l s 

to p r o v i d e c o i n w r a p p i n g e q u i p m e n t , t h i s i l l u s t r a t i o n w i l l c o n s i d e r o n l y 

one b rand of e q u i p m e n t . A c h o i c e must be made be tween l e a s i n g o r p u r c h a s i n g 

the mach ine s y s t e m . A l s o c o n s i d e r e d h e r e w i l l be t he q u e s t i o n of how l o n g 

t o keep t he e q u i p m e n t . G e n e r a l l y the l o n g e r an i n v e s t m e n t c a n be k e p t 

e a r n i n g r evenue the more f a v o r a b l e w i l l be t he n e t c a s h f l o w s t r e a m i t g e n e r a t e s . 

U s u a l l y o f f s e t t i n g t h i s f a v o r a b l e t e n d e n c y i s t he somet imes s u b s t a n t i a l 

i n c r e a s e i n m a i n t e n a n c e c o s t a s s o c i a t e d w i t h o l d e q u i p m e n t , t h e d e c r e a s e i n 

p r o d u c t i v i t y due t o more f r e q u e n t equ ipment f a i l u r e s , and f i n a l l y o b s o l e s c e n c e 

w h i c h r e s u l t s f rom t e c h n o l o g i c a l improvements a v a i l a b l e i n new equ ipment 

m o d e l s . A t h o r o u g h a n a l y s i s o f o p t i m a l equ ipmen t r e p l a c e m e n t c y c l e s i s v e r y 

d i f f i c u l t and w o n ' t be a t t e m p t e d h e r e . Some i n f o r m a t i o n on t he q u e s t i o n 

w i l l be p r o v i d e d s i m p l y by r u n n i n g t he c a s h f l o w a n a l y s i s f o r b o t h a t h r e e -

y e a r l i f e and a f i v e - y e a r l i f e . 
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B. C o n s t r u c t i n g t he Net Cash F l o w S t ream 

1. Time U n i t s and H o r i z o n 

Q u a r t e r l y d a t a w i l l be used f o r t h i s i l l u s t r a t i o n . M o n t h l y d a t a 

a r e a v a i l a b l e and would add to the p r e c i s i o n of the i n f o r m a t i o n to be g e n e r a t e d , 

bu t t he r e s u l t s of t h i s e x e r c i s e w i l l show t h a t q u a r t e r l y d a t a a r e p r o b a b l y 

p r e c i s e e n o u g h . 

Two t ime h o r i z o n s w i l l be e x a m i n e d . 

( i ) Th ree y e a r s ( t = 0 , 1 , 2 , . . . , 1 2 ) 

( i i ) F i v e y e a r s ( t = 0 , 1 , 2 , . . . , 2 0 ) 

2 . E x p e n d i t u r e s F l o w s 

The f o l l o w i n g c a s h o u t f l o w s must be c o n s i d e r e d : 

(1) L a b o r c o s t . S i x o p e r a t o r s w i l l be a s s i g n e d f u l l t ime to the c o i n 

w r a p p i n g f a c i l i t y a l o n g w i t h o n e - h a l f o f one s u p e r v i s o r ' s t i m e . 

T o t a l c o s t f o r s a l a r i e s and b e n e f i t s a r e e s t i m a t e d to be $50 ,500 

i n t he f i r s t y e a r o f o p e r a t i o n and a r e p r o j e c t e d t o i n c r e a s e by 

5 p e r c e n t p e r y e a r i n e a c h o f the f o l l o w i n g y e a r s . 

Y e a r L a b o r C o s t 

1 $ 5 0 , 5 0 0 
2 5 3 , 0 2 5 
3 55 ,676 
4 5 8 , 4 6 0 
5 6 1 , 3 8 3 

L a b o r c o s t s a r e assumed to be p a i d a t the end of e a c h q u a r t e r . 

(2) Equ ipment m a i n t e n a n c e c o n t r a c t . I f t he m a c h i n e sys tems a r e p u r c h a s e d , 

an equ ipment m a i n t e n a n c e c o n t r a c t w i l l be s i g n e d w i t h the v e n d o r . 

The c o s t f o r l a b o r i s $1 ,560 pe r q u a r t e r w i t h no c h a r g e f o r the f i r s t 

q u a r t e r . P a r t s a r e s u p p l i e d a t no c o s t t o the Bank d u r i n g the f i r s t 

y e a r . I t i s e s t i m a t e d t h a t i n s u b s e q u e n t y e a r s p a r t s c o s t s w i l l b e : 

Y e a r P a r t s C o s t 

1 $ 0 
2 2 ,000 
3 2 ,400 
4 3 ,200 
5 4 , 8 0 0 

Equ ipment m a i n t e n a n c e c o s t s a r e assumed to be p a i d a t t he end of 

each q u a r t e r . 
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(3) B u i l d i n g m a i n t e n a n c e . The p o l i c y o f t h e Bank r e g a r d i n g b u i l d i n g 

c o s t s f o r wrapped c o i n s e r v i c e i s to r e c o v e r b u i l d i n g m a i n t e n a n c e 

c o s t s bu t no t t he o r i g i n a l b u i l d i n g i n v e s t m e n t . A r a t e o f $5.60 

per s q u a r e f o o t pe r y e a r i s c h a r g e d f o r t h i s p u r p o s e i n the p r e s e n t 

b u i l d i n g and w i l l be used h e r e . M a i n t e n a n c e c o s t s f o r the new 

b u i l d i n g a r e no t y e t d e t e r m i n e d . The c o i n w r a p p i n g o p e r a t i o n 

w i l l r e q u i r e 2,100 s q u a r e f e e t . The c o s t i s $2,940 p e r q u a r t e r and 

has been h e l d c o n s t a n t o v e r t he f i v e - y e a r h o r i z o n . B u i l d i n g m a i n t e ­

nance c o s t s a r e assumed t o be p a i d a t t h e end o f e a c h q u a r t e r . 

(4) S u p p l i e s . S u p p l i e s i n c l u d e m o s t l y p a p e r and b a g s . H i s t o r i c a l 

r e c o r d s i n d i c a t e s u p p l i e s c o s t t o be abou t 12c pe r 100 r o l l s o f 

wrapped c o i n (12c pe r 100 w r a p s ) . T h i s c o s t h a s been v e r y s t a b l e 

— even d e c l i n i n g a b i t i n r e c e n t y e a r s — and i s no t p r o j e c t e d 

to i n c r e a s e d u r i n g t he coming f i v e y e a r s . 

Vo lume of wraps f o r t h i s examp le i s p r o j e c t e d to be 14,000,000 

i n t he f i r s t y e a r of o p e r a t i o n , and i s e x p e c t e d to i n c r e a s e by 5 

p e r c e n t pe r y e a r i n each of the f o u r s u b s e q u e n t y e a r s . 

Y e a r Vo lume S u p p l i e s C o s t 

1 14,000,000 $16,800 
2 14,700,000 17,640 
3 15,434,000 18,524 
4 16,207,000 19,448 
5 17,017,000 20,420 

S u p p l i e s c o s t s a r e assumed to be p a i d a t t he end of e a c h q u a r t e r . 

(5) P u r c h a s e p r i c e . Twe lve c o i n w r a p p i n g s y s t e m s a r e r e q u i r e d a t a 

t o t a l p u r c h a s e p r i c e of $97,443. I n a d d i t i o n t h r e e s c a l e s a r e 

r e q u i r e d a t a c o s t o f $9,000. The e n t i r e p u r c h a s e amount i s 

p a y a b l e a t t = 0 . 

(6) L e a s e c o n t r a c t . The q u a r t e r l y l e a s e c o s t i s $10,866 and i s f i x e d 

by c o n t r a c t f o r t he f i r s t t h r e e y e a r s . I t h a s been assumed the 

l e a s e p r i c e wou ld be the same i n b o t h the f o u r t h and f i f t h y e a r s 

a l s o . The l e a s e c o n t r a c t i n c l u d e s equ ipment m a i n t e n a n c e — b o t h 

p a r t s and l a b o r . S c a l e s , a t $9 ,000, must s t i l l be bough t i f t he 

l e a s e o p t i o n i s e l e c t e d . L e a s e payments a r e assumed to be due a t 

the b e g i n n i n g o f each q u a r t e r . 
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3 . Revenue F l o w s 

The M i n n e a p o l i s F e d e r a l R e s e r v e Bank has e s t a b l i s h e d a p r i c e of 

$ . 8 5 p e r 100 wraps to be c h a r g e d member b a n k s . W i t h the e x p e c t e d v o l u m e , 

a n n u a l r evenue w i l l b e : 

Y e a r Revenue 

1 $119 ,000 
2 1 2 4 , 9 5 0 
3 1 3 1 , 1 8 9 
4 1 3 7 , 7 6 0 
5 1 4 4 , 6 4 5 

Revenue i s assumed t o be r e c e i v e d a t the end of each q u a r t e r . 

A d d i t i o n a l i n f l o w s a r e g e n e r a t e d by s c r a p v a l u e o f equ ipment a t 

t he end of t he t i m e h o r i z o n . S c r a p v a l u e s a r e assumed to b e : 

TABLE I I I . l 

W r a p p i n g T o t a l S c r a p 
Equ ipmen t S c a l e s V a l u e  

T h r e e - Y e a r H o r i z o n $ 1 , 0 0 0 $3 ,000 $ 4 , 0 0 0 

F i v e - Y e a r H o r i z o n 0 $3 ,000 $3 ,000 

4 . Net Cash F l o w s 

U s i n g t h i s i n f o r m a t i o n , and c o n v e r t i n g to q u a r t e r l y t ime u n i t s , 

the b a s i c c a s h f l o w d a t a a r e d e v e l o p e d a s shown i n T a b l e I I I . 2 . Net c a s h 

f l o w d a t a f o r e a c h o f the a l t e r n a t i v e s a r e c o n s t r u c t e d i n T a b l e s I I I . 3 

t h r o u g h I I I . 6 . The f o u r a l t e r n a t i v e s c o n s i d e r e d a r e : 

A l t e r n a t i v e A : P u r c h a s e t he c o i n w r a p p i n g equ ipment 
w i t h a t h r e e - y e a r h o r i z o n . 

A l t e r n a t i v e B : L e a s e t he c o i n w r a p p i n g equ ipment w i t h 
a t h r e e - y e a r h o r i z o n . 

A l t e r n a t i v e C : P u r c h a s e t he c o i n w r a p p i n g equ ipment 
w i t h a f i v e - y e a r h o r i z o n . 

A l t e r n a t i v e D: L e a s e the c o i n w r a p p i n g equ ipment w i t h 
a f i v e - y e a r h o r i z o n . 



TABLE I I I . 2 

I I I I I I IV V V I V I I 

qtr. 
Volume 
(Wraps) 

L a b o r 
C o s t 

M a i n t . 
C o n t r a c t 
( Labo r ) 

M a i n t . 
( P a r t s ) 

S u p p l i e s 
C o s t 
1 *0 .0012 

B u i l d i n g 
M a i n t . 
C o s t 

Revenue 
.0085*1 

1 3 , 5 0 0 , 0 0 0 $12 ,625 $ o $ o $ 4 , 2 0 0 $ 2 , 9 4 0 $ 2 9 , 7 5 0 

2 3 , 5 0 0 , 0 0 0 1 2 , 6 2 5 1 ,560 0 4 , 2 0 0 2 , 9 4 0 2 9 , 7 5 0 

3 3 , 5 0 0 , 0 0 0 1 2 , 6 2 5 1 ,560 0 4 , 2 0 0 2 , 9 4 0 2 9 , 7 5 0 

4 3 , 5 0 0 , 0 0 0 1 2 , 6 2 5 1 ,560 0 4 , 2 0 0 2 , 9 4 0 2 9 , 7 5 0 

5 3 , 6 7 5 , 0 0 0 13 ,256 1 ,560 500 4 , 4 1 0 2 , 9 4 0 31 ,238 

6 3 , 6 7 5 , 0 0 0 13 ,256 1 ,560 500 4 , 4 1 0 2 , 9 4 0 31 ,238 

7 3 , 6 7 5 , 0 0 0 13 ,256 1 ,560 500 4 , 4 1 0 2 , 9 4 0 31 ,238 

8 3 , 6 7 5 , 0 0 0 1 3 , 2 5 6 ( 1 ,560 500 4 , 4 1 0 2 , 9 4 0 31 ,238 

9 3 , 8 5 9 , 0 0 0 1 3 , 9 1 9 1 ,560 600 4 , 6 3 1 2 , 9 4 0 3 2 , 8 0 2 

10 3 , 8 5 9 , 0 0 0 1 3 , 9 1 9 1 ,560 600 4 ,631 2 , 9 4 0 3 2 , 8 0 2 

11 3 , 8 5 9 , 0 0 0 1 3 , 9 1 9 1 ,560 600 4 ,631 2 , 9 4 0 3 2 , 8 0 2 

12 3 , 8 5 9 , 0 0 0 1 3 , 9 1 9 1 ,560 600 4 ,631 2 , 9 4 0 3 2 , 8 0 2 

13 4 , 0 5 2 , 0 0 0 1 4 , 6 1 5 1 ,950 800 4 , 8 6 2 2 ,940 3 4 , 4 4 2 

14 4 , 0 5 2 , 0 0 0 1 4 , 6 1 5 1 ,950 800 4 , 8 6 2 2 ,940 3 4 , 4 4 2 

15 4 , 0 5 2 , 0 0 0 1 4 , 6 1 5 1 ,950 800 4 , 8 6 2 2 , 9 4 0 3 4 , 4 4 2 

16 4 , 0 5 2 , 0 0 0 1 4 , 6 1 5 1 ,950 800 4 , 8 6 2 2 , 9 4 0 34 ,442 

17 4 , 2 5 4 , 0 0 0 1 5 , 3 4 6 1 ,950 1,200 5 ,105 2 , 9 4 0 3 6 , 1 5 9 

18 4 , 2 5 4 , 0 0 0 15 ,346 1 ,950 1 ,200 5 ,105 2 , 9 4 0 3 6 , 1 5 9 

19 4 , 2 5 4 , 0 0 0 1 5 , 3 4 6 1 ,950 1 ,200 5 ,105 2 , 9 4 0 3 6 , 1 5 9 

20 4 , 2 5 4 , 0 0 0 15 ,346 1 ,950 1 ,200 5 , 1 0 5 2 , 9 4 0 3 6 , 1 5 9 
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TABLE I I I . 3 

A l t e r n a t i v e A : P u r c h a s e , 3 - Y e a r H o r i z o n 

0 $ - 1 0 6 , 4 4 3 $ 0 $ - 1 0 6 , 4 4 3 

1 - 1 9 , 7 6 5 2 9 , 7 5 0 9 , 9 8 5 

2 - 2 1 , 3 2 5 2 9 , 7 5 0 8 , 4 2 5 

3 - 2 1 , 3 2 5 2 9 , 7 5 0 8 , 4 2 5 

4 - 2 1 , 3 2 5 2 9 , 7 5 0 8 , 4 2 5 

5 - 2 2 , 6 6 6 3 1 , 2 3 8 8 , 5 7 2 

6 - 2 2 , 6 6 6 3 1 , 2 3 8 8 ,572 

7 - 2 2 , 6 6 6 3 1 , 2 3 8 8 , 5 7 2 

8 - 2 2 , 6 6 6 3 1 , 2 3 8 8 ,572 

9 - 2 3 , 6 5 0 3 2 , 8 0 2 9 ,152 

10 - 2 3 , 6 5 0 3 2 , 8 0 2 9 ,152 

11 - 2 3 , 6 5 0 3 2 , 8 0 2 9 ,152 

12 - 2 3 , 6 5 0 3 6 , 8 0 2 1 3 , 1 5 2 

* * P u r c h a s e p r i c e a t t = 0 

* * Revenue and expenses a t t he end of t he q u a r t e r 

* * P u r c h a s e s c a l e s a t t = 0 ; $ 9 , 0 0 0 

* * E x p e n s e s = l a b o r 
+ equ ipment m a i n t e n a n c e 
+ b u i l d i n g m a i n t e n a n c e 
+ s u p p l i e s 
+ p u r c h a s e p r i c e 

* * S c r a p = $ 4 , 0 0 0 a t t = 12 
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TABLE I I I . 4 

A l t e r n a t i v e B : L e a s e , 3 - Y e a r H o r i z o n 

F B R B F B 

t J t _t It 

0 $ - 1 9 , 8 6 6 $ 0 $ - 1 9 , 8 6 6 

1 - 3 0 , 6 3 1 2 9 , 7 5 0 - 8 8 1 

2 - 3 0 , 6 3 1 2 9 , 7 5 0 - 8 8 1 

3 - 3 0 , 6 3 1 2 9 , 7 5 0 - 8 8 1 

4 - 3 0 , 6 3 1 2 9 , 7 5 0 - 8 8 1 

5 - 3 1 , 4 7 2 3 1 , 2 3 8 -234 

6 - 3 1 , 4 7 2 31 ,238 -234 

7 - 3 1 , 4 7 2 31 ,238 -234 

8 - 3 1 , 4 7 2 31 ,238 -234 

9 - 3 2 , 3 5 6 3 2 , 8 0 2 446 

10 - 3 2 , 3 5 6 3 2 , 8 0 2 446 

11 - 3 2 , 3 5 6 3 2 , 8 0 2 446 

12 - 2 1 , 4 9 0 3 5 , 8 0 2 1 4 , 3 1 2 

* * Lease payments a t t he b e g i n n i n g o f the q u a r t e r 

* * Revenue and e x p e n s e s a t t he end o f t he q u a r t e r 

* * P u r c h a s e s c a l e s a t t = 0 ; $ 9 , 0 0 0 

* * Expenses = L a b o r 
+ B u i l d i n g m a i n t e n a n c e 
+ S u p p l i e s 
+ L e a s e p r i c e 

* * S c r a p = $ 3 , 0 0 0 a t t = 12 
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TABLE I I I . 5 

A l t e r n a t i v e C : P u r c h a s e , 5 - Y e a r H o r i z o n 

R. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

$ - 1 0 6 , 4 4 3 

- 1 9 , 7 6 5 

- 2 1 , 3 2 5 

- 2 1 , 3 2 5 

- 2 1 , 3 2 5 

- 2 2 , 6 6 6 

- 2 2 , 6 6 6 

- 2 2 , 6 6 6 

- 2 2 , 6 6 6 

- 2 3 , 6 5 0 

- 2 3 , 6 5 0 

- 2 3 , 6 5 0 

- 2 3 , 6 5 0 

- 2 5 , 1 6 7 

- 2 5 , 1 6 7 

- 2 5 , 1 6 7 

- 2 5 , 1 6 7 

- 2 6 , 5 4 1 

- 2 6 , 5 4 1 

- 2 6 , 5 4 1 

- 2 6 , 5 4 1 

$ 0 

2 9 , 7 5 0 

2 9 , 7 5 0 

2 9 , 7 5 0 

2 9 , 7 5 0 

3 1 , 2 3 8 

3 1 , 2 3 8 

3 1 , 2 3 8 

3 1 , 2 3 8 

3 2 , 8 0 2 

3 2 , 8 0 2 

3 2 , 8 0 2 

3 2 , 8 0 2 

3 4 , 4 4 2 

3 4 , 4 4 2 

3 4 , 4 4 2 

3 4 , 4 4 2 

3 6 , 1 5 9 

3 6 , 1 5 9 

3 6 , 1 5 9 

3 9 , 1 5 9 

$ - 1 0 6 , 4 4 3 

9 ,985 

8 , 4 2 5 

8 ,572 

8 ,572 

8 , 5 7 2 

9 ,152 

9 ,152 

9 ,152 

9 ,152 

9 , 2 7 5 

9 ,275 

9 , 2 7 5 

9 , 2 7 5 

9 ,618 

9 ,618 

9 ,618 

12 ,618 

* * P u r c h a s e p r i c e a t t = 0 

* * Revenue and e x p e n s e s a t t he end o f the q u a r t e r 

* * P u r c h a s e s c a l e s a t t = 0 ; $ 9 , 0 0 0 

* * E x p e n s e s = L a b o r 
+ Equ ipment m a i n t e n a n c e 
+ B u i l d i n g m a i n t e n a n c e 
+ S u p p l i e s 
+ P u r c h a s e p r i c e 

* * S c r a p = $ 3 , 0 0 0 a t t = 20 
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TABLE I I I . 6 

A l t e r n a t i v e D: L e a s e , 5 - Y e a r H o r i z o n 

t \ K 
t 

f t 

0 $ - 1 9 , 8 6 6 $ o $ - 1 9 , 8 6 6 

1 - 3 0 , 6 3 1 2 9 , 7 5 0 -881 

2 - 3 0 , 6 3 1 2 9 , 7 5 0 -881 

3 - 3 0 , 6 3 1 2 9 , 7 5 0 -881 

4 - 3 0 , 6 3 1 2 9 , 7 5 0 - 8 8 1 

5 - 3 1 , 4 7 2 3 1 , 2 3 8 -234 

6 - 3 1 , 4 7 2 3 1 , 2 3 8 -234 

7 - 3 1 , 4 7 2 3 1 , 2 3 8 -234 

8 - 3 1 , 4 7 2 3 1 , 2 3 8 -234 

9 - 3 2 , 3 5 6 3 2 , 8 0 2 446 

10 - 3 2 , 3 5 6 3 2 , 8 0 2 446 

11 - 3 2 , 3 5 6 3 2 , 8 0 2 446 

12 - 3 2 , 3 5 6 3 2 , 8 0 2 446 

13 - 3 3 , 2 8 3 3 4 , 4 4 2 1 ,159 

14 - 3 3 , 2 8 3 3 4 , 4 4 2 1 ,159 

15 - 3 3 , 2 8 3 34 ,442 1 ,159 

16 - 3 3 , 2 8 3 3 4 , 4 4 2 1 ,159 

17 - 3 4 , 2 5 7 3 6 , 1 5 9 1,902 

18 - 3 4 , 2 5 7 3 6 , 1 5 9 1,902 

19 - 3 4 , 2 5 7 3 6 , 1 5 9 1 ,902 

20 - 2 3 , 3 9 1 3 9 , 1 5 9 15 ,768 

* * L e a s e payments a t the b e g i n n i n g o f the q u a r t e r 

* * Revenue and e x p e n s e s a t the end o f the q u a r t e r 

* * P u r c h a s e s c a l e s a t t = 0 ; $ 9 , 0 0 0 

* * Expenses = L a b o r 
+ B u i l d i n g m a i n t e n a n c e 
+ S u p p l i e s 
+ L e a s e p r i c e 

* * S c r a p = $ 3 , 0 0 0 a t t = 20 
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C . I n t e r p r e t a t i o n of Cash F l o w D a t a 

P r e s e n t v a l u e s f o r e a c h a l t e r n a t i v e a r e g i v e n i n T a b l e I I I . 7 . C o n ­

s i d e r f i r s t t he t h r e e - y e a r h o r i z o n . P r e s e n t - v a l u e c u r v e s f o r b o t h t h r e e -

y e a r a l t e r n a t i v e s a r e shown i n F i g u r e I I I . l . A t a z e r o d i s c o u n t r a t e ( i n 

e f f e c t i g n o r i n g t he t i m e d i s t r i b u t i o n o f c a s h f l o w s ) , i t a p p e a r s c l e a r l y 

b e t t e r t o p u r c h a s e . The p r e s e n t v a l u e o f c a s h f l o w s i s +$3,713 compared 

w i t h - $ 8 , 6 7 6 f o r the l e a s e o p t i o n . A s t he c h o i c e of d i s c o u n t r a t e i n c r e a s e s , 

p r e f e r e n c e f o r t he p u r c h a s e o p t i o n d e c r e a s e s u n t i l t he r a t e r e a c h e s j u s t 

under 10 p e r c e n t where t he p r e s e n t - v a l u e c r i t e r i o n s h i f t s i n f a v o r o f the 

l e a s e o p t i o n . A t any d i s c o u n t r a t e g r e a t e r t h a n a b o u t 2 p e r c e n t b o t h o p t i o n s 

p r o d u c e n e g a t i v e p r e s e n t v a l u e s . 

A n o t h e r way i n w h i c h c a s h f l o w a n a l y s i s can be u s e d i n t h i s 

i n s t a n c e i s t o d e t e r m i n e t he p r i c e we s h o u l d c h a r g e f o r wrapped c o i n i n 

o r d e r t h a t the p r e s e n t v a l u e o f c a s h f l o w s a t ou r s e l e c t e d d i s c o u n t r a t e 

i s j u s t e q u a l t o z e r o . T h i s i s a more g e n e r a l way to d e f i n e a b r e a k - e v e n 

p o i n t t h a n s i m p l y a s s u m i n g a z e r o d i s c o u n t r a t e . The p r o b l e m f ramed i n 

t h i s way b e c o m e s : choose t he a l t e r n a t i v e w h i c h m i n i m i z e s t he p r i c e pe r 100 

wraps t h a t we must c h a r g e i n o r d e r to y i e l d a z e r o p r e s e n t v a l u e o f c a s h 

f l o w s d i s c o u n t e d a t , s a y , 8 p e r c e n t . From F i g u r e I I I . l we s e e t h a t a t an 

8 p e r c e n t d i s c o u n t r a t e , the p u r c h a s e o p t i o n i s s u p e r i o r t o the l e a s e 

o p t i o n bu t t he p r e s e n t v a l u e i s l e s s t h a n z e r o . I f t he c a s h f l o w compu ta ­

t i o n s were r e p e a t e d u s i n g a h i g h e r p r i c e p e r 100 w r a p s , b o t h o f t he p r e s e n t -

v a l u e c u r v e s wou ld be r a i s e d on t he g r a p h b u t , g i v e n t he p a r t i c u l a r d a t a i n 

t h i s e x a m p l e , t h e y wou ld c l o s e l y m a i n t a i n t h e i r r e l a t i v e p o s i t i o n s . I t i s 

no t d i f f i c u l t i n p r i n c i p l e to d e t e r m i n e t he p r i c e n e c e s s a r y to p r o d u c e 

the d e s i r e d z e r o p r e s e n t v a l u e . 

I f t he s e l e c t e d d i s c o u n t r a t e we re g r e a t e r t h a n abou t 10 p e r c e n t 

t h e same methods c o u l d be employed w i t h t he r e s u l t t h a t t he l e a s e o p t i o n 

wou ld p e r m i t t he l o w e s t p r i c e n e c e s s a r y to a c h i e v e a z e r o p r e s e n t v a l u e . 
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P r e s e n t v a l u e s f o r t he f i v e - y e a r h o r i z o n c a s e a r e shown on F i g u r e 

I I I . 2 . Here t he p u r c h a s e o p t i o n c l e a r l y d o m i n a t e s l e a s i n g f o r a l l d i s c o u n t 

r a t e s and i n f a c t y i e l d s v e r y h i g h p o s i t i v e p r e s e n t v a l u e s o v e r a w i d e r a n g e 

o f r a t e s . I f we a c c e p t t h e s e d a t a a s r e a l i s t i c , c a s h f l o w a n a l y s i s shows 

the i m p o r t a n c e o f e x t e n d i n g t he r e v e n u e - p r o d u c i n g l i f e of an a s s e t — i f 

i t can be done a t r e a s o n a b l e i n c r e a s e s i n m a i n t e n a n c e c o s t , and a t s m a l l 

enough s a c r i f i c e s i n p r o d u c t i v i t y t o a v o i d s u b s t a n t i a l l y i n c r e a s i n g l a b o r 

c o s t s . D a t a on assumed p r o d u c t i v i t y (no t shown) i m p l i e d i t wou ld no t be 

n e c e s s a r y to r e l y on o v e r t i m e o r an a d d i t i o n a l work s h i f t even though p r o ­

d u c t i v i t y o f t he m a c h i n e s i s assumed to be d e c l i n i n g w h i l e vo lume i s i n c r e a s i n g . 

T h i s i s o b v i o u s l y a c r i t i c a l a s p e c t o f t h e s t u d y and i n an a c t u a l a p p l i c a t i o n 

wou ld w a r r a n t c a r e f u l c o n s i d e r a t i o n . F o r t u n a t e l y w i t h t he r e a d y a v a i l a b i l i t y 

o f compu te rs to a i d i n a n a l y z i n g p r o b l e m s o f t h i s k i n d , i t i s f e a s i b l e i n 

many c a s e s t o examine a l a r g e number of p o s s i b l e ou tcomes f o r e a c h b a s i c 

a l t e r n a t i v e . I t w o u l d be p o s s i b l e i n t h i s examp le to i n v e s t i g a t e no t o n l y 

the i m p a c t o f p r i c e and mach ine r e p l a c e m e n t c y c l e , bu t a l s o t he e f f e c t o f 

d i f f e r i n g vo lume demands , d i f f e r e n t p r o d u c t i v i t y a s s u m p t i o n s , b u y i n g l e s s 

equ ipment and r u n n i n g two s h i f t s , and s o o n . 

I f t h i s were a l l t he i n f o r m a t i o n we c o u l d i n c o r p o r a t e i n t o the 

c a s h f l o w d a t a — hence a l l we c o u l d e x p e c t a n a l y s i s of t he d a t a to t e l l us — 

where wou ld we be? A f t e r e x a m i n i n g a d d i t i o n a l f a c t o r s , we m i g h t f e e l i t 

most a p p r o p r i a t e t o p l a n on a t h r e e - y e a r equ ipment r e p l a c e m e n t c y c l e ; i f 

we were t o choose a d i s c o u n t r a t e of 8 p e r c e n t , t h e n p r e s e n t - v a l u e a n a l y s i s 

wou ld t e l l us t o p u r c h a s e the e q u i p m e n t . We m i g h t a l s o r e e x a m i n e the 85c 

pe r 100 wraps p r i c e . T h a t p r i c e l e t s t he Bank abou t b r e a k even a t d i s c o u n t 

r a t e s n e a r z e r o p e r c e n t bu t p r o d u c e s a f a i r l y l a r g e d e f i c i t ( - $ 9 , 4 3 0 ) i n 

p r e s e n t v a l u e a t an 8 p e r c e n t d i s c o u n t r a t e . 

I f we d e c i d e d to go w i t h t he f i v e - y e a r h o r i z o n , we wou ld c l e a r l y 

p u r c h a s e equ ipmen t r e g a r d l e s s of t he c h o i c e of d i s c o u n t r a t e (up to some h i g h 

number l i k e abou t 30 o r 40 p e r c e n t a n y w a y ) . Here a g a i n we may choose to 

a d j u s t the p r i c e o f wrapped c o i n , l o w e r i n g i t i n t h i s c a s e to e l i m i n a t e 

t he h i g h p o s i t i v e p r e s e n t v a l u e s . R e c a l l t h a t t h e d i s c o u n t r a t e a t w h i c h 

t he p r e s e n t - v a l u e c u r v e c r o s s e s t he a x i s ( t h e r a t e a t w h i c h t he p r e s e n t 

v a l u e e q u a l s z e r o ) i s c a l l e d t he i n t e r n a l r a t e o f r e t u r n and i s a measure 

o f p r o f i t a b i l i t y u s e d by many a n a l y s t s t o a s s e s s p r o j e c t s . A l t e r n a t i v e C 

has an i n t e r n a l r a t e o f r e t u r n of abou t 25 p e r c e n t and s u g g e s t s the Bank may 

be open to c r i t i c i s m f o r " o v e r p r i c i n g . " 
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TABLE I I I . 7 

P r e s e n t V a l u e a t S e l e c t e d D i s c o u n t R a t e s 

D i s c o u n t A l t e r n a t i v e A l t e r n a t i v e A l t e r n a t i v e A l t e r n a t i v e 
Ra te (%) A B C D 

0 $ 3 ,713 $ - 8 , 6 7 6 $ 7 8 , 2 8 5 $ 3 ,568 

1 1 ,889 - 9 , 0 9 2 73 ,388 2 ,379 

2 121 - 9 , 4 9 3 6 8 , 7 0 5 1 ,256 

3 - 1 , 5 9 2 - 9 , 8 7 7 6 4 , 2 2 3 195 

4 - 3 , 2 5 5 - 1 0 , 2 4 6 5 9 , 9 3 1 - 8 0 8 

5 - 4 , 8 6 8 - 1 0 , 6 0 1 5 5 , 8 1 9 - 1 , 7 5 8 

6 - 6 , 4 3 4 - 1 0 , 9 4 2 51 ,877 - 2 , 6 5 8 

7 - 7 , 9 5 4 - 1 1 , 2 7 0 4 8 , 0 9 5 - 3 , 5 1 0 

8 - 9 , 4 3 0 - 1 1 , 5 8 6 4 4 , 4 6 7 - 4 , 3 1 7 

9 - 1 0 , 8 6 4 - 1 1 , 8 8 9 4 0 , 9 8 3 - 5 , 0 8 3 

10 - 1 2 , 2 5 8 - 1 2 , 1 8 2 37 ,636 - 5 ,809 

11 - 1 3 , 6 1 3 - 1 2 , 4 6 3 3 4 , 4 1 9 - 6 , 4 9 9 

12 - 1 4 , 9 3 1 - 1 2 , 7 3 4 3 1 , 3 2 6 - 7 , 1 5 3 

13 - 1 6 , 2 1 3 - 1 2 , 9 9 5 2 8 , 3 5 1 - 7 , 7 7 5 

14 - 1 7 , 4 6 0 - 1 3 , 2 4 7 25 ,487 - 8 , 3 6 6 

15 - 1 8 , 6 7 4 - 1 3 , 4 8 9 2 2 , 7 2 9 - 8 , 9 2 8 

16 - 1 9 , 8 5 6 - 1 3 , 7 2 3 2 0 , 0 7 3 - 9 , 4 6 3 

17 - 2 1 , 0 0 7 - 1 3 , 9 4 9 1 7 , 5 1 2 - 9 , 9 7 1 

18 - 2 2 , 1 2 8 - 1 4 , 1 6 7 1 5 , 0 4 3 - 1 0 , 4 5 6 

19 - 2 3 , 2 2 0 - 1 4 , 3 7 7 1 2 , 6 6 2 - 1 0 , 9 1 7 

20 - 2 4 , 2 8 5 - 1 4 , 5 8 0 10 ,364 - 1 1 , 3 5 6 

21 - 2 5 , 3 2 3 - 1 4 , 7 7 6 8 , 1 4 6 - 1 1 , 7 7 5 

22 - 2 6 , 3 3 5 - 1 4 , 9 6 5 6 ,003 - 1 2 , 1 7 5 

23 - 2 7 , 3 2 2 - 1 5 , 1 4 8 3 , 9 3 3 - 1 2 , 5 5 6 

24 - 2 8 , 2 8 4 - 1 5 , 3 2 4 1,933 - 1 2 , 9 1 9 

25 - 2 9 , 2 2 4 - 1 5 , 4 9 5 -1 - 1 3 , 2 6 6 
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A l t e r n a t i v e l y we may w i s h to e x p l o r e f u r t h e r t he q u e s t i o n of t he 

b e s t equ ipment r e p l a c e m e n t c y c l e . The o p t i m a l c y c l e depends on t h e e q u i p ­

ment c h o s e n and on w h e t h e r i t i s l e a s e d o r b o u g h t . T h e r e f o r e t h e a n a l y s i s 

wou ld have t o be r e p e a t e d f o r e a c h o f t he a l t e r n a t i v e s u n d e r c o n s i d e r a t i o n . 

The f ramework f o r s t u d y w o u l d , i n t he f i r s t i n s t a n c e a n y w a y , have t o e x t e n d 

t he t i m e h o r i z o n o f f i n t o t h e f a r d i s t a n t f u t u r e , f o r e v e r i n f a c t . Summing 

an i n f i n i t e number o f c a s h f l o w s w i l l i n mos t p r a c t i c a l p r o b l e m s s t i l l y i e l d 

a f i n i t e p r e s e n t v a l u e b e c a u s e f o r p o i n t s i n t i m e f a r i n t o t he f u t u r e , t he 

d i s c o u n t f a c t o r s — 1 / (1+r ) 1 " — a r e s o s m a l l t h a t t he c o r r e s p o n d i n g d i s c o u n t e d 

c a s h f l o w s i n t u r n become s o s m a l l a s t o have a l m o s t no e f f e c t on t he 

p r e s e n t v a l u e o f t he c a s h f l o w s t r e a m . E x t e n d i n g t h e t i m e h o r i z o n i n d e f i n i t e l y 

o b v i o u s l y c r e a t e s d i f f i c u l t p r o b l e m s i n e s t i m a t i n g c o s t s , vo lume and o t h e r 

f a c t o r s r e q u i r e d t o p e r f o r m t h e a n a l y s i s . I n p r a c t i c e i t i s p o s s i b l e , h o p e ­

f u l l y , t o examine some s h o r t e r p e r i o d o f t i m e and s t i l l g e t a c c e p t a b l y 

a c c u r a t e i n f o r m a t i o n . We c o u l d , f o r e x a m p l e , t r y an 1 8 - y e a r t i m e h o r i z o n 

f o r t he t h r e e - y e a r c y c l e . And f o r a f i v e - y e a r c y c l e we may f i n d i t a d e q u a t e 

to use a 2 0 - y e a r h o r i z o n c o v e r i n g f o u r c y c l e s . Then i t may be a c c u r a t e 

enough to compare t h e s e r e s u l t s to j u d g e w h i c h m a c h i n e r e p l a c e m e n t c y c l e 

o f f e r s t he b e t t e r a l t e r n a t i v e . H o p e f u l l y , o t h e r c y c l e s c o u l d a l s o be 

examined i n s u c h a way t h a t t h e i n f o r m a t i o n o b t a i n e d w o u l d be c o m p a r a b l e . 

T h i s examp le i l l u s t r a t e s some o f t he p r o b l e m s f a c e d i n a p p l y i n g 

p r e s e n t - v a l u e p r o c e d u r e s and s u g g e s t s methods f o r d e a l i n g w i t h them. Bu t 

e a c h p r o b l e m i s to a l a r g e e x t e n t d i f f e r e n t . E a c h r e q u i r e s c u s t o m t r e a t m e n t and 

good judgment on t he p a r t o f t he a n a l y s t t o e f f e c t i v e l y d e a l w i t h i t . 

D. Summary of the S t e p s i n A p p l y i n g Cash F l o w P r o c e d u r e s 

F o r p u r p o s e s of r e v i e w , we summar i ze w i t h t he f o l l o w i n g b r i e f o u t l i n e 

of p r o c e d u r e s to be f o l l o w e d i n a p p l y i n g c a s h f l o w a n a l y s i s t o a n i n v e s t m e n t 

p r o s p e c t . 

1 . D e s c r i b e t he P r o b l e m 

• B a c k g r o u n d — s t a t e whe re w e ' r e a t now. E x p l a i n how we g o t h e r e . I s 

t h e p r o j e c t d i s c r e t i o n a r y s o t h a t we c a n r e j e c t a l l a c t i o n i f e a c h 

a l t e r n a t i v e f a i l s to s a t i s f y t h e d e c i s i o n r u l e , or i s a c t i o n r e q u i r e d 

and ou r t a s k to f i n d t he most e f f i c i e n t method of i m p l e m e n t a t i o n ? 

P r o v i d e a l l i n f o r m a t i o n r e l e v a n t t o t he p r o b l e m . 
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• D e f i n e t h e o b j e c t i v e s t o be a c c o m p l i s h e d and c o n s t r a i n t s , i f a n y , 

i m p o s e d on p o t e n t i a l a c t i o n s . 

• S p e c i f y t he f r amework f o r a n a l y s i s and t he d e c i s i o n r u l e s t h a t w i l l 

be u s e d . I n d i c a t e t he k i n d s o f i n f o r m a t i o n t h a t can ( w i l l ) be 

i n c o r p o r a t e d i n t o t he c a s h f l o w d a t a and what i n f o r m a t i o n must be 

e x c l u d e d f r om the d a t a . Some s i t u a t i o n s may no t c a l l f o r c a s h f l o w 

a n a l y s i s a t a l l i f , f o r e x a m p l e , t he d o l l a r v a l u e s a r e s m a l l , o r i f 

t he t i m i n g of c a s h f l o w s i s c o n c e n t r a t e d i n a r e l a t i v e l y s h o r t t i m e 

s p a n , o r i f r e l i a b l e d a t a a r e u n o b t a i n a b l e . 

2 . S p e c i f y A l t e r n a t i v e s 

O u t l i n e t he a l t e r n a t i v e s a v a i l a b l e t o a c c o m p l i s h t h e o b j e c t i v e s . 

T h i s c o u l d s t a r t w i t h a l o n g l i s t i n c l u d i n g o p t i o n s we a r e q u i t e c e r t a i n 

w i l l no t p r o v e o p t i m a l — some may a p p e a r e v e n a l i t t l e a b s u r d . The p u r ­

pose i s to be c e r t a i n e v e r y p o s s i b l e a p p r o a c h i s g i v e n a t l e a s t meager c o n s i d e r a ­

t i o n . Why? B e c a u s e (1) o n r a r e o c c a s i o n s a n o d d b a l l a p p r o a c h may be b e s t 

(2) i t may be good f o r us to s t r e t c h ou r i m a g i n a t i o n — to keep us f r om 

f a l l i n g i n t o a s e t o f r o u t i n e s o l u t i o n t y p e s (3) i t may no t be so o b v i o u s to 

d e c i s i o n m a k e r s u n f a m i l i a r w i t h t h e p r o b l e m t h a t c e r t a i n o f t he a l t e r n a t i v e s 

a r e p r i m a f a c i e no t o p t i m a l — i t w i l l be n e c e s s a r y t o o u t l i n e t h e s e a p p r o a c h e s 

and show t h a t t h e y come ou t s e c o n d b e s t . A t t h i s p o i n t v e r y l i t t l e , i f a n y , 

c a s h f l o w d a t a a r e n e c e s s a r y . T h a t makes i t e a s i e r t o d e a l w i t h a l o n g l i s t 

o f a l t e r n a t i v e s . 

3 . Reduce A l t e r n a t i v e s t o a S m a l l e r S e t f o r D e t a i l e d A n a l y s i s 

Run t h r o u g h t he l o n g l i s t o f a l t e r n a t i v e s e x p l a i n i n g why c e r t a i n 

o f them a r e no t f e a s i b l e . Some may no t s a t i s f y c o n s t r a i n t s i m p o s e d , some 

may be c l e a r l y d o m i n a t e d by o t h e r a l t e r n a t i v e s i n t he s e t . The s m a l l e r s e t 

t h a t s u r v i v e s t h i s f i l t e r i n g p r o c e s s i s t h e s e t t h a t w i l l unde rgo d e t a i l e d 

c a s h f l o w a n a l y s i s . 

4 . E s t i m a t e Cash F l o w D a t a f o r E a c h S u r v i v i n g A l t e r n a t i v e 

• S e l e c t t i m e h o r i z o n and t i m e u n i t s . 

• E s t i m a t e e x p e n d i t u r e f l o w s f o r e a c h a l t e r n a t i v e . 

• E s t i m a t e r e v e n u e f l o w s ( i f p o s s i b l e ) . 

• Compute n e t c a s h f l o w s ( i f p o s s i b l e ) . 
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5 . A n a l y z e t he Net Cash F l o w S t r e a m s 

• Compute t he p r e s e n t v a l u e s . 

• P r e p a r e t a b l e s and g r a p h s f o r a n a l y s i s . 

• Examine t he r e s u l t s f o r i n f o r m a t i o n . 

• Summar ize the i n f o r m a t i o n o b t a i n e d f r om the c a s h f l o w a n a l y s i s . 

6 . Recommend a D e c i s i o n 

W i t h i n t he b r o a d f ramework s p e c i f i e d f o r t he p r o b l e m i n s t e p 1 , 

a n a l y z e t he c a s h f l o w i n f o r m a t i o n a l o n g w i t h o t h e r i n f o r m a t i o n no t i n c o r p o r a t e d 

i n t o the c a s h f l o w d a t a . Recommend a d e c i s i o n . 
• 



• 

• 
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PART IV . CASE APPLICATIONS 

P a r t I o f t h i s r e p o r t d i s c u s s e d t he t h e o r e t i c a l r a t i o n a l e f o r use 

of c a s h f l o w a n a l y s i s p r o c e d u r e s i n i n v e s t m e n t d e c i s i o n m a k i n g . P a r t s I I 

and I I I i l l u s t r a t e d the b a s i c p r o c e d u r e s by a p p l y i n g them t o s i m p l i f i e d 

p r o b l e m s . The p u r p o s e of P a r t IV i s t o p r e s e n t more d e t a i l e d c a s e a p p l i c a ­

t i o n s of d e c i s i o n p r o b l e m s f a c e d by t he B a n k . A p r i m a r y g o a l w i l l be to 

e s t a b l i s h t he e x t e n t t o w h i c h t h e k i n d s o f i n v e s t m e n t d e c i s i o n s c o n f r o n t i n g 

t he Bank can e f f e c t i v e l y be h a n d l e d t h r o u g h c a s h f l o w a n a l y s i s . I t i s one 

t h i n g to d i s c u s s i d e a l d e c i s i o n - m a k i n g t e c h n i q u e s . I t i s a n o t h e r m a t t e r t o 

shape the p a r t i c u l a r i n v e s t m e n t p r o b l e m s o f a g i v e n i n s t i t u t i o n i n t o a f o r m 

r e q u i r e d by t he d e c i s i o n t e c h n i q u e ; and s t i l l a f u r t h e r p r o b l e m to c o l l e c t 

a c c u r a t e d a t a r e q u i r e d f o r a p p l i c a t i o n of t he m e t h o d s . Few Bank d e c i s i o n 

p rob lems w i l l e a s i l y y i e l d a c c u r a t e d a t a on b e n e f i t s . A c e r t a i n amount o f 

c o s t d a t a c a n be d e t e r m i n e d f o r many d e c i s i o n p r o b l e m s . O n l y by e x p e r i e n c e 

w i l l we l e a r n the e x t e n t to w h i c h c a s h f l o w a n a l y s i s can p r o v i d e u s e f u l i n f o r ­

m a t i o n f o r our d e c i s i o n p r o b l e m s . E x p e r i e n c e and sound m a n a g e r i a l j udgment 

w i l l be r e q u i r e d to d e t e r m i n e i n each c a s e how much of t he t o t a l i n f o r m a t i o n 

r e l e v a n t to the p r o b l e m c a n a c c u r a t e l y be c a p t u r e d i n the c a s h f l o w d a t a , 

and how much i s o u t s i d e the a b i l i t y o f m e c h a n i c a l t e c h n i q u e s to c o r r e c t l y 

a s s e s s . 

P a r t IV w i l l h o p e f u l l y e v o l v e i n t o an expanded l o o s e - l e a f c o l l e c t i o n 

o f c a s e s to w h i c h new and u n i q u e o r o t h e r w i s e n o t e w o r t h y a p p l i c a t i o n s can be 

a d d e d . 
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Case I. Bank A u t o m o b i l e s ; L e a s e o r Buy 

A . D e s c r i p t i o n o f t he P r o b l e m 

Based on e x p e r i e n c e and s t u d i e s o v e r p a s t y e a r s , Bank management 

h a s made v a r i o u s d e c i s i o n s r e l a t i n g to a u t o m o b i l e t r a n s p o r t a t i o n f o r s t a f f 

c o n d u c t i n g Bank b u s i n e s s . I t h a s been d e c i d e d , f o r e x a m p l e , t h a t emp loyees 

s h a l l be e n c o u r a g e d t o use Bank-owned c a r s f o r b u s i n e s s . S t u d i e s have 

shown i t p r e f e r a b l e t o t r a d e c a r s when t h e y a r e two y e a r s o l d or a c c u m u l a t e 

3 0 , 0 0 0 m i l e s . 

The Bank m a i n t a i n s 11 c a r s f o r g e n e r a l u s e by s t a f f . S i n c e a good 

d e a l o f t r a v e l i n v o l v e s l o n g - d i s t a n c e h i g h w a y d r i v i n g , f u l l - s i z e c a r s — 

w i t h f e a t u r e s and a c c e s s o r i e s c h o s e n to p romote s a f e t y and c o m f o r t — a r e 

p r e f e r r e d . We w i l l no t r e e x a m i n e t h e s e d e c i s i o n s . I n s t e a d we w i l l d e c i d e 

the b e s t ( l e a s t c o s t i n p r e s e n t v a l u e ) means t o a c q u i r e t he a u t o m o b i l e s — 

w h e t h e r t o p u r c h a s e o u t r i g h t o r t o l e a s e . R e c e n t p a s t d a t a w i l l be used 

t o a v o i d t he p r o b l e m o f p r e d i c t i n g f u t u r e a u t o p r i c e s and t r a d e - i n v a l u e s . 

F o r t u n a t e l y t he Bank has k e p t e x t e n s i v e r e c o r d s on a u t o m o b i l e 

e x p e n s e s f r o m w h i c h c a s h f l o w d a t a c a n be c o n s t r u c t e d . The p r o b l e m w i l l be 

f ramed i n te rms o f l e a s e o r buy one c a r . 

B. C o n s t r u c t i n g t h e Net Cash F l o w S t r e a m 

1. T ime U n i t s and H o r i z o n 

M o n t h l y d a t a w i l l be u s e d . The t i m e h o r i z o n i s 24 months 

( t = 0 , 1 , . . . , 2 4 ) . 

2 . E x p e n d i t u r e F l o w s 

B a s e d on 1 ,250 m i l e s p e r month ( 3 0 , 0 0 0 m i l e s o v e r a 24-month p e r i o d ) . 

(1) O p e r a t i n g c o s t s and m a i n t e n a n c e 

O p e r a t i n g C o s t s $ 7 3 . 0 0 p e r month 
I n - H o u s e M a i n t e n a n c e 6 8 . 0 0 p e r month 

$ 1 4 1 . 0 0 p e r month 
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(2) P u r c h a s e P r i c e and S c r a p V a l u e 

P u r c h a s e P r i c e a t t = 0 $ 3 , 5 1 0 
S c r a p V a l u e a t t = 24 1,977 

(3) L e a s e p r i c e i s $117 p e r month on a 24 -month b a s i s a t a b o u t 3 0 , 0 0 0 

m i l e s . The Bank must s t i l l i n s u r e and m a i n t a i n t he c a r . 

U s i n g t h i s i n f o r m a t i o n t he a l t e r n a t i v e c a s h o u t f l o w s have been c o n s t r u c t e d 

( T a b l e I V . 1 ) . Assume o p e r a t i n g c o s t s and m a i n t e n a n c e e x p e n s e s a r e p a i d a t 

the end o f t he mon th . L e a s e payments a r e made a t t he b e g i n n i n g o f t he m o n t h . 

P r e s e n t v a l u e o f c o s t s f o r b o t h o p t i o n s a r e g i v e n i n T a b l e I V . 2 w i t h s e l e c t e d 

d i s c o u n t r a t e s , and p l o t t e d i n F i g u r e I V . 1 . 
' . 

C . I n t e r p r e t a t i o n o f Cash F l o w D a t a 

P r e s e n t v a l u e o f c o s t s f o r t he buy a l t e r n a t i v e i s o n l y s l i g h t l y 

a f f e c t e d by changes i n the d i s c o u n t r a t e o v e r t he r a n g e c o n s i d e r e d . T h i s i s 

because t h e g r e a t b u l k ( o v e r 70 p e r c e n t ) o f t he t o t a l expense i s i n c u r r e d a t 

t = 0 w h i c h i s u n a f f e c t e d by d i s c o u n t i n g . L e a s e o p t i o n p r e s e n t v a l u e s f o l l o w 

a more t y p i c a l p a t t e r n w i t h d e c l i n i n g p r e s e n t v a l u e o f c o s t s a s t he d i s c o u n t 

r a t e i s i n c r e a s e d . A t 8 p e r c e n t i t i s c l e a r l y s u p e r i o r t o b u y ; t he p r e s e n t 

v a l u e s a r e $ 4 , 9 4 1 f o r p u r c h a s e and $5 ,616 f o r l e a s e . I t i s n ' t u n t i l t he d i s c o u n t 

r a t e e x c e e d s 23 p e r c e n t t h a t t he l e a s e o p t i o n becomes more d e s i r a b l e a c c o r d i n g 

to the p r e s e n t v a l u e o f c o s t s c r i t e r i o n . 

D. A C o m p u t a t i o n a l S h o r t c u t 

The d e c i s i o n i n t h i s p a r t i c u l a r p r o b l e m c e n t e r s on t h e d i f f e r e n c e 

i n t he p r e s e n t v a l u e o f c a s h o u t f l o w s be tween two m u t u a l l y e x c l u s i v e a l t e r n a ­

t i v e s ( j u s t a n o t h e r way of s a y i n g s e l e c t t he a l t e r n a t i v e w i t h t h e l o w e s t 

p r e s e n t v a l u e o f c o s t ) . I n t h i s c a s e i t i s a c c e p t a b l e to n e t ou t c o s t 

f a c t o r s t h a t a r e common to b o t h a l t e r n a t i v e s . When o r i g i n a l l y f r a m i n g t he 

p r o b l e m i t c o u l d have been a r g u e d c o r r e c t l y t h a t s i n c e o p e r a t i n g c o s t s and 

m a i n t e n a n c e e x p e n s e s a r e e x a c t l y t he same i n e i t h e r a l t e r n a t i v e , t h e y c a n 

be i g n o r e d . The r e s u l t i n g c a s h f l o w s w o u l d have been a s shown i n T a b l e I V . 3 . 

The p r e s e n t v a l u e s f o r t h e s e c a s h f l o w s (no t shown) w o u l d e a c h have 

been l e s s n e g a t i v e t h a n t h o s e i n T a b l e I V . 2 , b u t t he two p r e s e n t - v a l u e l i n e s 

i n the g r a p h wou ld have m a i n t a i n e d t he same r e l a t i v e p o s i t i o n s , s t i l l c r o s s i n g 
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a t j u s t o v e r a 23 p e r c e n t d i s c o u n t r a t e . The d e c i s i o n wou ld have been the 

same a s one b a s e d on c o m p l e t e e x p e n d i t u r e d a t a . 

N e t t i n g ou t common c o s t s i n t h i s manner s a v e s some work and i s 

a p p r o p r i a t e when o n l y the d i f f e r e n c e i n t he p r e s e n t v a l u e of c o s t s t r e a m s 

i s o f i n t e r e s t . Some i n f o r m a t i o n i s l o s t when u s i n g c o m p u t a t i o n a l s h o r t c u t s , 

h o w e v e r . The p r e s e n t v a l u e of c o s t s f o r a p a r t i c u l a r a l t e r n a t i v e no l o n g e r 

measu res t o t a l c o s t s . Hence i t i s n o t u s e f u l a s a g u i d e i n a s k i n g t he 

q u e s t i o n : i s the p r e s e n t v a l u e of b e n e f i t s ( w h i c h a r e assumed no t t o be 

m e a s u r a b l e ) a t l e a s t a s g r e a t a s t he measu red p r e s e n t v a l u e o f c o s t s ? I n 

p r o b l e m s p r e s e n t i n g more t h a n two a l t e r n a t i v e s , t e rms n e t t e d ou t must be 

p r e s e n t i n e x a c t l y t h e same amount and t i m e p a t t e r n i n e a c h a l t e r n a t i v e 

c a s h f l o w . A t t e m p t s a t s h o r t c u t c a s h f l o w c o n s t r u c t i o n expose the a n a l y s i s 

to a d d i t i o n a l r i s k o f m i s t a k e n judgment i n f r a m i n g the p r o b l e m and a l s o 

l i m i t t he p o s s i b i l i t y o f a u g m e n t i n g t he d e c i s i o n e x e r c i s e by e a s i l y a d d i n g 

new ly d i s c o v e r e d a l t e r n a t i v e s w h i c h may no t s h a r e t he common te rm p r e v i o u s l y 

n e t t e d o u t . 

When i t i s i m p o s s i b l e to m e a s u r e p a r t i c u l a r c o s t s a c c u r a t e l y , 

n e t t i n g ou t c a s h f l o w s i s j u s t i f i a b l e . I n t h o s e c a s e s t he c a s h f l o w a n a l y s i s 

f ramework w i l l have t o be d e s i g n e d t o p e r m i t u s e of a d e c i s i o n r u l e w h i c h 

does n o t depend on t he unknown common c o s t e l e m e n t s . 



TABLE I V . 1 TABLE I V . 2 TABLE I V . 3 

PRESENT VALUE OF CASH OUTFLOWS 
CASH OUTFLOWS AT VARIOUS DISCOUNT RATES SHORTCUT CASH OUTFLOWS 

D i s c o u n t 
Time Lease Buy R a t e (%) L e a s e Buy T ime L e a s e Buy 

0 $ - 1 1 7 $ - 3 , 5 1 0 0 $ - 6 , 0 5 1 $ - 4 , 9 1 7 0 $-117 $ - 3 , 5 1 0 
1 -258 - 1 4 1 1 - 5 , 9 9 2 - 4 , 9 2 1 1 - 1 1 7 0 
2 - 2 5 8 - 1 4 1 2 - 5 , 9 3 5 - 4 , 9 2 5 2 - 1 1 7 0 
3 - 2 5 8 - 1 4 1 3 - 5 , 8 7 9 - 4 , 9 2 8 3 -117 0 
4 - 2 5 8 -141 4 - 5 , 8 2 4 - 4 , 9 3 2 4 -117 0 
5 - 2 5 8 - 1 4 1 5 - 5 , 7 7 0 - 4 , 9 3 4 5 -117 0 
6 - 2 5 8 -141 6 - 4 , 7 1 8 - 4 , 9 3 7 6 -117 0 
7 -258 -141 7 - 5 , 6 6 7 - 4 , 9 3 9 7 -117 0 
8 - 2 5 8 - 1 4 1 8 - 5 , 6 1 6 - 4 , 9 4 1 8 -117 0 
9 - 2 5 8 - 1 4 1 9 - 5 , 5 6 7 - 4 , 9 9 3 9 -117 0 

10 - 2 5 8 - 1 4 1 10 - 5 , 5 1 9 - 4 , 9 4 5 10 -117 0 
11 - 2 5 8 - 1 4 1 11 - 5 , 4 7 2 - 4 , 9 4 6 11 -117 0 
12 - 2 5 8 -141 12 - 5 , 4 2 6 - 4 , 9 4 8 12 -117 0 
13 - 2 5 8 - 1 4 1 13 - 5 , 3 8 0 - 4 , 9 4 8 13 -117 0 
14 -258 -141 14 - 5 , 3 3 6 - 4 , 9 4 9 14 -117 0 
15 - 2 5 8 -141 15 - 5 , 2 9 2 - 4 , 9 5 0 15 -117 0 
16 - 2 5 8 - 1 4 1 16 - 5 , 2 5 0 - 4 , 9 5 1 16 -117 0 
17 - 2 5 8 - 1 4 1 17 - 5 , 2 0 8 - 4 , 9 5 1 17 -117 0 
18 -258 - 1 4 1 18 - 5 , 1 6 7 - 4 , 9 5 1 18 -117 0 
19 - 2 5 8 - 1 4 1 19 - 5 , 1 2 7 - 4 , 9 5 1 19 -117 0 
20 - 2 5 8 - 1 4 1 20 - 5 , 0 8 7 - 4 , 9 5 1 20 -117 0 
21 - 2 5 8 - 1 4 1 21 - 5 , 0 4 8 - 4 , 9 5 1 21 -117 0 
22 - 2 5 8 -141 22 - 5 , 0 1 0 - 4 , 9 5 1 22 -117 0 
23 - 2 5 8 - 1 4 1 23 - 4 , 9 7 3 - 4 , 9 5 0 23 -117 0 
24 0 +1 ,836 24 - 4 , 9 3 6 - 4 , 9 5 0 24 0 +1,977 

25 - 4 , 9 0 0 - 4 , 9 4 9 
+1,977 
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FIGURE I V . 1 
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APPENDIX A 

THEORETICAL ARGUMENT UNDERLYING CHOICE 
OF AN INTEREST RATE 

The p u r p o s e o f t h i s a p p e n d i x i s to d i s c u s s some t h e o r y b e h i n d c h o i c e 

o f an i n t e r e s t r a t e f o r use i n government s e c t o r p r e s e n t - v a l u e c o m p u t a t i o n s . 

I d e a l l y , t h e c o n s t r u c t i o n p r e s e n t e d here— wou ld e n a b l e one to examine f i n a n c i a l 

m a r k e t s d a t a a t any p o i n t i n t i m e , and to compute an a p p r o p r i a t e n u m e r i c a l r a t e 

f o r u s e i n the d e c i s i o n p r o c e s s . P r a c t i c a l l y , h o w e v e r , t he d a t a a c t u a l l y 

a v a i l a b l e a r e s u f f i c i e n t l y i n c o m p l e t e o r e q u i v o c a l so t h a t o n l y a n e i g h b o r ­

hood or r a n g e o f r a t e s can be p i n n e d down a t b e s t . 

A . A S i m p l i f i e d M a r k e t s M o d e l o f t he Economy 

A t a n a b s t r a c t l e v e l we c a n c o n s i d e r an economy w i t h t h r e e s e c t o r s : 

g o v e r n m e n t , b u s i n e s s , and h o u s e h o l d s ( t he p u b l i c - a t - l a r g e ) . From c o n v e n t i o n a l 

economic t h e o r y two b a s i c d e t e r m i n a n t s o f t he i n t e r e s t r a t e i n i d e a l m a r k e t s 

a r e p o s i t e d . 

The f i r s t i s a " r a t e o f t ime p r e f e r e n c e " t h a t summar i zes the h o u s e ­

h o l d s e c t o r ' s w i l l i n g n e s s , i n a g g r e g a t e , to t r a d e income t o d a y f o r income i n 

the f u t u r e . S p e c i f i c a l l y i t may be assumed t h a t f o r e a c h i n d i v i d u a l t h e r e 

i s some amount o f d o l l a r s , R, s u c h t h a t he o r she w i l l g i v e up 100 d o l l a r s 

t o d a y i n r e t u r n f o r t h e payment o f 100 + R d o l l a r s w i t h c e r t a i n t y a t a s p e c i f i c 

f u t u r e d a t e . I f t he d a t e i s one y e a r f r om t o d a y , t h e n R r e p r e s e n t s an a n n u a l 

i n t e r e s t r a t e . H i g h e r r a t e s o f R p a i d by b u s i n e s s o r government a r e assumed 

t o i n d u c e h o u s e h o l d s t o i n c r e a s e t he amount t hey l e n d and to r e d u c e t he 

amount o f t h e i r income g o i n g i n t o c o n s u m p t i o n — w h i c h i s a n o t h e r way o f 

— The a rgument d e v e l o p e d h e r e i s l a r g e l y b a s e d on t h e work of B a u m o l : 
"On t he S o c i a l R a t e o f D i s c o u n t , " A m e r i c a n Econom ic R e v i e w , 1 9 6 8 , p. 7 8 8 , and 
"On the D i s c o u n t R a t e f o r P u b l i c P r o j e c t s , " The A n a l y s i s and E v a l u a t i o n of P u b l i c  
E x p e n d i t u r e s : The PPB S y s t e m , J o i n t Economic Commi t tee P r i n t , GPO, 1 9 6 9 , p. 4 8 9 . 
A l s o see H i r s h l e i f e r and S h a p i r o , "The T r e a t m e n t of R i s k and U n c e r t a i n t y , " same 
v o l u m e , p . 5 0 5 . A d d i t i o n a l commentary on B a u m o l ' s AER p a p e r a p p e a r s i n A m e r i c a n  
Econom ic R e v i e w , 1 9 6 9 , p p . 9 0 9 - 9 3 0 . F o r more t h e o r e t i c a l t r e a t m e n t s e e Sandmo 
and D r e z e , " D i s c o u n t R a t e s f o r P u b l i c I n v e s t m e n t i n C l o s e d and Open E c o n o m i e s , " 
E c o n o m i c a , 1 9 7 1 , p . 3 9 5 , and Sandmo, " D i s c o u n t R a t e s f o r P u b l i c I n v e s t m e n t 
under U n c e r t a i n t y , " I n t e r n a t i o n a l Econom ic R e v i e w , 1 9 7 2 , p . 2 8 7 . 
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s a y i n g the p u b l i c i s w i l l i n g to t r a d e away some c o n s u m p t i o n t o d a y i n f a v o r 

of known i n c r e a s e s i n i t s c o n s u m p t i o n tomorrow ( n e x t y e a r ) . I n a g g r e g a t e 

t h e n , the amount o f f u n d s h o u s e h o l d s a r e w i l l i n g t o l e n d t o b u s i n e s s and 

government g e t s l a r g e r a s t h e r a t e of r e t u r n becomes h i g h e r . The r e l a t i o n ­

s h i p can be g r a p h e d as f o l l o w s : 

FIGURE A . l 

annual rate 
of Interest 

SCHEDULE OF FUNDS AVAILABLE 
BASED ON PURE TIME PREFERENCE 
OF HOUSEHOLDS (At 6 p e r c e n t 
r e t u r n , $3 m i l l i o n i n f u n d s 
wou ld be made a v a i l a b l e . ) 

$ 3 , 0 0 0 , 0 0 0 I amount o f f u n d s made 
a v a i l a b l e by t he p u b l i c 

The s e c o n d d e t e r m i n a n t o f t he i n t e r e s t r a t e i s t he " p r o d u c t i v i t y 

of i n v e s t m e n t c a p i t a l " s c h e d u l e assumed to f a c e t he b u s i n e s s s e c t o r a s a 

t e c h n o l o g i c a l f a c t o f l i f e . T h i s mode l assumes t h a t b u s i n e s s has d e t e r m i n e d 

p r o s p e c t i v e r a t e s of r e t u r n on an agenda o f p o s s i b l e , t hough u n t r i e d i n v e s t ­

ment p r o j e c t s and has c a t a l o g u e d t h e s e i n d e c r e a s i n g o r d e r o f r a t e o f r e t u r n . 

A t any g i v e n " c o s t o f c a p i t a l " ( t h e r a t e b u s i n e s s wou ld have t o pay to a c q u i r e 

f unds f o r i n v e s t m e n t ) b u s i n e s s wou ld p r e s u m a b l y f i n d i t p r o f i t a b l e to u n d e r ­

t a k e a l l i n v e s t m e n t s on i t s s c h e d u l e ou t t o t he p o i n t where the p r o m i s e d 

r a t e o f r e t u r n f r om t he p r o j e c t j u s t e q u a l s t h e r a t e o f i n t e r e s t t h a t needs 

to be p a i d on f u n d s , as i n t he f o l l o w i n g : 

FIGURE A . 2 

minimum r a t e 
o f r e t u r n 

CUMULATIVE AMOUNT OF INVEST­
MENT THAT COULD BE MADE AT 
SUCCESSIVELY LOWER MINIMUM 
CUT-OFFS FOR RATE OF RETURN 

t o t a l p o t e n t i a l 
i n v e s t m e n t ($ ) 
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T h i s g r a p h , w h i c h may a l s o be te rmed an a g g r e g a t e i n v e s t m e n t demand s c h e d u l e , 

i n t h e o r y g i v e s u s t h e o p p o r t u n i t y c o s t we s e e k f o r u s e a s t he " o p t i m a l 

s o c i a l r a t e o f d i s c o u n t . " Suppose t he p r i v a t e s e c t o r i s abou t to make 

t h e m a r g i n a l i n v e s t m e n t t h a t b r i n g s i t t o an a g g r e g a t e 1^ d o l l a r s . I f 

a l l r e s o u r c e s a r e f u l l y e m p l o y e d , w h i c h i s a m a j o r a s s u m p t i o n we make h e r e , 

ou r d e c i s i o n a s a gove rnmen t a u t h o r i t y t o i n v e s t i n some p a r t i c u l a r u n d e r ­

t a k i n g w i l l c a u s e t he m a r g i n a l p r i v a t e s e c t o r d e c i s i o n no t t o be made. Under 

t h o s e c o n d i t i o n s , s o c i e t y i s i n e f f e c t b e i n g a s k e d to g i v e up a r e t u r n of 

r^ p e r c e n t f r om t h e f o r e g o n e b u s i n e s s i n v e s t m e n t . Government t h e r e f o r e 

s h o u l d u s e t h a t r a t e , r^ p e r c e n t , a s t h e a p p r o p r i a t e d i s c o u n t r a t e i n i t s 

p r e s e n t - v a l u e p r o c e d u r e s . 

I n t h i s t he s i m p l e s t o f m o d e l s w i t h i d e a l m a r k e t s ( c o m p l e t e and 

c e r t a i n i n f o r m a t i o n a b o u t i n v e s t m e n t o u t c o m e s ) , i t i s an e a s y m a t t e r t o f i n d 

the r a t e we a r e l o o k i n g f o r , b e c a u s e t h e r e i s b u t a s i n g l e i n t e r e s t r a t e . 

T h a t r a t e c a l l s f o r t h j u s t t h e r i g h t amount o f s a v i n g s f r om t h e p u r e t i m e 

p r e f e r e n c e s c h e d u l e i n o r d e r t o p r o v i d e f o r new i n v e s t m e n t . The re t he 

m a r k e t b r i n g i n g t o g e t h e r s a v i n g s and i n v e s t m e n t c l e a r s a t an i n t e r e s t r a t e , 

s a y r , w h i c h e q u a l s the m a r g i n a l t i m e p r e f e r e n c e of t he p u b l i c a s w e l l 

a s t he m a r g i n a l r e t u r n on p r i v a t e i n v e s t m e n t . I n t h a t s o r t o f w o r l d a l l we 

wou ld need do t o d e t e r m i n e t he r a t e o f s o c i a l o p p o r t u n i t y c o s t wou ld be t o 

o b s e r v e t h e m a r k e t i n t e r e s t r a t e . 

FIGURE A . 3 

r a t e o f r e t u r n 

SCHEDULE OF FUNDS AVAILABLE 
BASED ON PURE TIME PREFERENCE 
OF HOUSEHOLDS 

AGGREGATE INVESTMENT DEMAND 
SCHEDULE FOR PERIOD T. 

t o t a l f i n a n c i a l i n v e s t m e n t 
f l o w i n p e r i o d T 
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B. R i s k , C o r p o r a t e Income T a x , and O the r R e a l L i f e " I m p e d i m e n t s " 

A s l i g h t l y more r e a l i s t i c m o d e l emerges f r om a t t e m p t s to accommodate 

some r e a l l i f e i n s t i t u t i o n a l f e a t u r e s t h a t , when i n t r o d u c e d i n t o t he above 

s i m p l e m o d e l , a c t to " d r i v e a w e d g e " be tween t h e p u b l i c ' s m a r g i n a l t i m e 

p r e f e r e n c e r a t e and t he b u s i n e s s s e c t o r ' s m a r g i n a l p r o d u c t i v i t y o f i n v e s t m e n t . 

S o , i f we were to s t a r t w i t h a n e s t i m a t e o f t he p u b l i c ' s m a r g i n a l 

t ime p r e f e r e n c e r a t e and were a b l e to c o n s t r u c t r e a s o n a b l e a p p r o x i m a t i o n s 

of the i m p a c t of m a j o r i n s t i t u t i o n a l " w e d g e s , " t h e n we w o u l d end up w i t h an 

e s t i m a t e of m a r g i n a l p r o d u c t i v i t y o f b u s i n e s s s e c t o r i n v e s t m e n t . T h a t may 

seem r a t h e r r o u n d a b o u t , bu t t he m a r g i n a l p r o d u c t i v i t y of p r i v a t e i n v e s t m e n t , 

w h i c h i s key i n d e t e r m i n i n g t he a p p r o p r i a t e r a t e o f o p p o r t u n i t y c o s t o f 

p u b l i c i n v e s t m e n t , i s no t o b s e r v a b l e d i r e c t l y i n t he m a r k e t s . T h a t i n b r i e f 

i s the t r a c k p u r s u e d by Baumol and a number o f r e c e n t a r t i c l e s i n t he r e l e v a n t 

l i t e r a t u r e , and i s t he s t r u c t u r e o f argument to be s k e t c h e d ou t n e x t . 

• Pure time preference 

Our s t a r t i n g p o i n t , t h e n , i s t he p r e m i s e t h a t t h e p u b l i c ' s p u r e 

t ime p r e f e r e n c e r a t e i s f a i r l y w e l l r e f l e c t e d i n t he r a t e on s a f e , l i q u i d 

f i n a n c i a l a s s e t s , e . g . , U . S . government s e c u r i t i e s . — ^ W e ' l l t a k e t he 1 0 - y e a r 

bond r a t e a s an a p p r o p r i a t e b a s i s f o r c o m p a r i s o n ( t o g i v e us a te rm more 

n e a r l y l i k e t h a t o f d u r a b l e c a p i t a l commi tments ) and a d j u s t i t t o a p p r o x i m a t e l y 

e l i m i n a t e any a p p a r e n t " i n f l a t i o n p rem ium" b u i l t i n t o ou r o b s e r v a b l e m a r k e t 

d a t a . B a s i c a l l y we want to e l i m i n a t e i n f l a t i o n e f f e c t s b e c a u s e t h e r a t e 

of m a r g i n a l p r o d u c t i v i t y o f c a p i t a l i n v e s t m e n t i s measu red i n " r e a l " t e r m s . 

T h e r e f o r e our p r e f e r r e d s t a r t i n g p o i n t i s t he p u b l i c ' s m a r g i n a l t i m e p r e f e r e n c e 

i n r e a l t e rms (what m i g h t be c a l l e d t he m a r g i n a l t i m e p r e f e r e n c e f o r goods 

as d i s t i n g u i s h e d f r om m a r g i n a l t i m e p r e f e r e n c e f o r d o l l a r s ) . 

— A c t u a l l y we s h o u l d t a k e a c c o u n t of t h e f a c t t h a t the e x i s t e n c e o f 
p e r s o n a l income t a x e s r e d u c e s r e a l i z e d a f t e r - t a x r e t u r n s to r o u g h l y 4 / 5 of t h e i r 
p r e t a x r a t e , on a v e r a g e . H o w e v e r , t h e s t a t e m e n t i s assumed t o be a r e a s o n a b l e 
one a s an a p p r o x i m a t i o n , and t e c h n i c a l r e f i n e m e n t h e r e wou ld no t a l t e r our 
c o n c l u s i o n s . 
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We c a n o b s e r v e t h a t l o n g - t e r m U . S . gove rnmen t bond y i e l d s r a n g e d 

be tween 5 and 7 p e r c e n t o v e r t h e p a s t f i v e y e a r s . How much o f t h a t was i n f l a t i o n 

premium we c a n n o t s a y w i t h p r e c i s i o n , bu t we t h i n k i t r e a s o n a b l e to a r g u e 

t h a t most o f the i n c r e a s e t h a t o c c u r r e d s i n c e 1966 was i n f l a t i o n p remium. 

(See F i g u r e A . 4 . ) I n c o n s e q u e n c e we t h i n k t h a t , i n r ound n u m b e r s , 4 p e r c e n t 

to 5 p e r c e n t p e r annum r e a s o n a b l y b r a c k e t s t he p u b l i c ' s " r e a l " m a r g i n a l r a t e 

o f t ime p r e f e r e n c e . F o r p u r p o s e s of c o m p u t a t i o n w e ' l l s t a r t w i t h 4 1/2 p e r c e n t . 

• Risk 

By t h a t t o k e n t he p u b l i c w o u l d r e q u i r e a 4 1/2 p e r c e n t r a t e of r e t u r n 

i n o r d e r t o g i v e up t h e u s e of i t s money t o a b u s i n e s s c o r p o r a t i o n w i t h c e r t a i n t y 

o f f u l l r e t u r n . Bu t i n r e a l l i f e an i n v e s t m e n t p a y o f f i s n ' t c e r t a i n . T h e r e ' s 

a l w a y s t h e r i s k a p r o j e c t w i l l r e t u r n l e s s t h a n e x p e c t e d o r e v e n t h a t a company 

w i l l go b a n k r u p t . T h e r e f o r e t he p u b l i c r e q u i r e s a " r i s k p r i m i u m " o v e r and 

above i t s p u r e t i m e p r e f e r e n c e r a t e a s i nducemen t t o p r o v i d e e q u i t y f u n d s to 

i n d i v i d u a l f i r m s i n t he b u s i n e s s s e c t o r . 

W h i l e ou r mode l o f the economy n e a t l y p o s i t s a s i n g l e r i s k p remium, 

t he t a s k o f m e a s u r i n g t h a t r i s k premium by o b s e r v a t i o n of r e a l l i f e m a r k e t 

r a t e s i s s o m e t h i n g e l s e a g a i n . D i f f e r e n c e s be tween c o r p o r a t e bond r a t e s and 

government bond r a t e s p r o v i d e some i n f o r m a t i o n t h o u g h o t h e r m a r k e t c h a r a c ­

t e r i s t i c s must a l s o be t a k e n i n t o c o n s i d e r a t i o n . A r e a s o n a b l e g u e s s wou ld 

seem to p l a c e t h e r i s k premium i n t he 2 t o 3 p e r c e n t p e r annum r a n g e . We 

s h a l l t a k e 2 1/2 p e r c e n t f o r c o m p u t a t i o n p u r p o s e s . 

Nex t we p r o c e e d to add t h i s s o - d e t e r m i n e d r i s k premium r a t e to 

t he e s t i m a t e d m a r g i n a l r a t e of t i m e p r e f e r e n c e . Then 7 p e r c e n t (= 4 1/2 

p e r c e n t + 2 1/2 p e r c e n t ) wou ld be t h e n e c e s s a r y minimum r e t u r n on i n v e s t m e n t 

an i n d i v i d u a l c o r p o r a t i o n c o u l d s e t ou t t o e a r n and s t i l l e x p e c t to o b t a i n 

f u n d s f rom the p u b l i c — and t h a t wou ld i m p l y a m a r g i n a l p r o d u c t i v i t y of 

i n v e s t m e n t of a b o u t 7 p e r c e n t . 

The n o t i o n o f " r i s k " a s w e ' v e u s e d i t h e r e has a f a i r l y s i m p l e 

s t a t i s t i c a l p r o b a b i l i t y mode l u n d e r l y i n g i t . I t s a y s t h a t e v e n i f a f i r m ' s 

d e c i s i o n s , a c c u r a t e l y c a l c u l a t e d , l e a d i t t o e x p e c t a r a t e o f r e t u r n o f , s a y , 

7 p e r c e n t , t h a t f i g u r e i s somehow o n l y t he most p r o b a b l e o r a v e r a g e r e t u r n 

i t c a n e x p e c t . What t he f i r m r e a l l y f a c e s i s a d i s t r i b u t i o n o f v a r i o u s 

ou tcomes a s i n F i g u r e A . 5 whe re t he h e i g h t o f t h e c u r v e a t a p a r t i c u l a r 

v a l u e f o r r a t e o f r e t u r n i s p r o p o r t i o n a l to the p r o b a b i l i t y o f g e t t i n g t h a t 

r a t e of r e t u r n . 
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W h i l e t he e x p e c t e d r a t e o f r e t u r n i s 7 p e r c e n t , t he f i r m c o u l d e a r n l e s s o r 

more . F o r e x a m p l e , t he p r o b a b i l i t y o f e a r n i n g l e s s t h a n 4 1/2 p e r c e n t i s 

r e p r e s e n t e d by t he shaded a r e a u n d e r t he c u r v e . 

" U n c e r t a i n t y " abou t the f u t u r e i s measu red by t he v a r i a b i l i t y o f 

t he c u r v e — the more u n c e r t a i n t y , the more s p r e a d ou t i t i s . " R i s k , " a s t he 

te rm i s u s e d h e r e , i s measured by t he p r o b a b i l i t y t h a t t he r a t e of r e t u r n w i l l 

f a l l b e l o w some s p e c i f i e d c u t o f f v a l u e ( g e n e r a l l y a v a l u e r e p r e s e n t i n g l o s s 

o r f a i l u r e to an i n v e s t o r ) . The " r i s k p rem ium" m e n t i o n e d e a r l i e r c a n be 

t hough t o f a s the e x c e s s o f a f i r m ' s e x p e c t e d r a t e o f r e t u r n o v e r t he s a f e 

r a t e ( w e ' r e u s i n g A 1/2 p e r c e n t ) . See F i g u r e A . 6 . T h i s r i s k premium must 

be l a r g e enough t o e n s u r e t h a t t he shaded a r e a w i l l be an a c c e p t a b l y s m a l l 

p r o p o r t i o n o f t he t o t a l a r e a u n d e r t h e p r o b a b i l i t y d i s t r i b u t i o n c u r v e . 

FIGURE A . 6 
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• Corporate Income Tax 

The e f f e c t o f a c o r p o r a t e i ncome t a x when i n t r o d u c e d i n t o t he 

s i m p l e mode l i s to r e q u i r e any c o r p o r a t i o n to e a r n a h i g h e r m a r g i n a l r e t u r n 

on i t s i n v e s t m e n t s t han i t mus t y i e l d a f t e r t a x e s t o i t s s t o c k h o l d e r s . 

A t a 50 p e r c e n t t a x r a t e , f o r e x a m p l e , i n o r d e r t o r e t u r n an a f t e r - t a x 7 

p e r c e n t to i t s s t o c k h o l d e r s , t he c o r p o r a t i o n ' s i n v e s t m e n t s must e a r n 14 p e r c e n t . 

I n g e n e r a l , where t i s the t a x r a t e , we have t he a p p r o x i m a t e r e l a t i o n s h i p : 

p e r c e n t r e t u r n = p e r c e n t r e t u r n a f t e r t a x e s 
b e f o r e t a x e s 1-t 

I n t h a t c o n t e x t , t h e n , i f i t we re t r u e i n t he r e a l w o r l d t h a t an e f f e c t i v e 

t a x r a t e o f 50 p e r c e n t a p p l i e d a c r o s s t h e b u s i n e s s s e c t o r , t h e n 14 p e r c e n t 

r e t u r n on i n v e s t m e n t wou ld i n d e e d mark t he p o i n t i n t he b u s i n e s s s e c t o r ' s 

s c h e d u l e o f p o t e n t i a l p r o j e c t s whe re a c u t o f f must be made — no p r o j e c t 

w i t h a l o w e r e x p e c t e d r e t u r n w o u l d be u n d e r t a k e n . Howeve r , t he e f f e c t i v e 

t a x r a t e on c o r p o r a t e income i s no t 50 p e r c e n t , b u t s o m e t h i n g l o w e r . R a p i d 

a m o r t i z a t i o n p r o v i s i o n s , p e r c e n t a g e d e p l e t i o n a l l o w a n c e s and o t h e r s p e c i a l 

t ax p r o v i s i o n s f o r c o r p o r a t i o n s a l l o p e r a t e to r e d u c e i t . We w i l l u s e 40 

p e r c e n t a s our " h o r s e b a c k " f i g u r e f o r t he e f f e c t i v e r a t e . Then an a f t e r ­

t ax r e t u r n t o s t o c k h o l d e r s o f 7 p e r c e n t w o u l d r e q u i r e 

p e r c e n t r e t u r n = 7% _ ^yo 

b e f o r e t a x e s 1 - 0 . 4 

But no t a l l c a p i t a l f u n d s t h a t c o r p o r a t i o n s i n v e s t a r e e q u i t y f u n d s . 

Some a r e bo r rowed f u n d s a n d , s i n c e i n t e r e s t c o s t s a r e d e d u c t i b l e f o r c o r p o r a t e 

income tax c o m p u t a t i o n p u r p o s e s , t he m a r g i n a l t a x r a t e d o e s n ' t i n d u c e any 

need f o r h i g h e r p r e t a x r e t u r n i n s u p p o r t o f t h o s e f u n d s . I f we assume t h e 

c o r p o r a t e s e c t o r t o be 80 p e r c e n t e q u i t y f i n a n c e d and 20 p e r c e n t deb t f i n a n c e d 

t h e n our e s t i m a t e o f t he r e q u i r e d m a r g i n a l p r o d u c t i v i t y o f c a p i t a l f o r t h e 

c o r p o r a t e s e c t o r w o u l d be r e d u c e d to 

(§o) » • (&) «- * 
A s an o v e r a l l j u d g m e n t , t h e n , we wou ld p l a c e m a r g i n a l p r o d u c t i v i t y o f i n v e s t ­

ment f o r t he c o r p o r a t e b u s i n e s s s e c t o r a t abou t 11 p e r c e n t . T h a t ' s i n r e a l 

t e r m s , no i n f l a t i o n premium i n c l u d e d . 
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• Sector effects 

The a c t u a l o p p o r t u n i t y c o s t o f a p a r t i c u l a r government i n v e s t m e n t 

d e c i s i o n depends on whe re s p e c i f i c a l l y r e s o u r c e s a r e drawn f r o m . R e s o u r c e s 

commanded by government a t f u l l employment c o u l d , i n p r i n c i p l e , be drawn f r om 

c o r p o r a t e p r o d u c e r s , n o n c o r p o r a t e p r o d u c e r s , o r f r om t h e consumer s e c t o r . — ' ' 

Suppose a l l t h e r e s o u r c e s a r e drawn f r om t h e c o r p o r a t e p a r t o f t he b u s i n e s s 

s e c t o r . Then t h e 11 p e r c e n t f i g u r e f o r t he m a r g i n a l r e t u r n on c o r p o r a t e 

c a p i t a l s u g g e s t e d i n t he p r e c e d i n g s e c t i o n w o u l d seem a r e a s o n a b l e measure 

o f t he o p p o r t u n i t y c o s t o f gove rnmen t s e c t o r i n v e s t m e n t . Bu t suppose a l l o f 

t he r e s o u r c e s we re drawn i n s t e a d f r o m the n o n c o r p o r a t e p a r t o f t h e b u s i n e s s 

s e c t o r . W i t h no d i s t o r t i n g e f f e c t f r o m t h e c o r p o r a t e i ncome t a x t o i n t e r f e r e , 

m a r g i n a l i n v e s t m e n t r e t u r n may be t a k e n t o be c l o s e t o t h e 7 p e r c e n t " r i s k 

r a t e " e s t i m a t e made e a r l i e r . F i n a l l y , t o t h e e x t e n t t h a t gove rnmen t s e c t o r 

d e c i s i o n s t o i n v e s t d i v e r t r e s o u r c e s f r o m c o n s u m p t i o n , t h e n t h e a p p r o p r i a t e 

o p p o r t u n i t y c o s t w o u l d seem t o be t he 4 1/2 p e r c e n t " s a f e r a t e " — r o u g h l y 

the p u b l i c ' s t i m e p r e f e r e n c e r a t e f o r g o o d s . 

E a c h s p e c i f i c government s e c t o r i n v e s t m e n t c o u l d i n f a c t a f f e c t 

s e c t o r r e s o u r c e u s e d i f f e r e n t l y — p a r t i c u l a r i n d u s t r i e s w i t h m a r g i n a l 

r e t u r n s e i t h e r v e r y much h i g h e r o r v e r y much l o w e r t h a n t h e c o r p o r a t e a g g r e ­

g a t e f i g u r e c o u l d be d i f f e r e n t i a l l y h i t . R e g i o n a l d i f f e r e n c e s i n i m p a c t , t o o , 

wou ld o c c u r . (Tha t e x e r c i s e r e a l l y b r i n g s us i n t o a more c o m p l i c a t e d mode l 

t h a n we have b e e n d e s c r i b i n g . ) A s a c o n s e q u e n c e , some a u t h o r s p o i n t o u t , 

the " t r u e " o p p o r t u n i t y c o s t p r o b a b l y v a r i e s w i t h e a c h gove rnmen t i n v e s t m e n t 

d e c i s i o n . F u r t h e r m o r e , i f we a b a n d o n , o u r f u l l - e m p l o y m e n t p r e m i s e , t he t r u e 

r a t e o f o p p o r t u n i t y c o s t w o u l d t e n d t o v a r y w i t h t he s t a t e o f t he economy — 

w i t h t he r a t e e f f e c t i v e l y l o w e r d u r i n g t i m e s o f g r e a t e r s l a c k and u n d e r u t i l i z e d 

l a b o r and p l a n t . 

We l e a n toward u s i n g a n economy-w ide r a t e f o r o p p o r t u n i t y c o s t . 

The s u g g e s t e d r e f i n e m e n t o f t r a c i n g s u b s e c t o r , i n d u s t r y , o r r e g i o n a l i m p a c t 

seems beyond any f o r e s e e a b l e t e c h n i c a l c o m p e t e n c e and may p e r h a p s even be c o n ­

c e p t u a l l y i n e r r o r . A n e c o n o m y - w i d e r a t e wou ld p r e s u m a b l y be some w e i g h t e d 

a v e r a g e o f t he s e c t o r m a r g i n a l r a t e s d e v e l o p e d a b o v e . W i t h o u t w i s h i n g to 

— Where t h e r e s o u r c e s come f r o m w i l l depend to some e x t e n t on how 
gove rnmen t f i n a n c e s i t s e x p e n d i t u r e s ; f i n a n c i n g c a n be done e i t h e r by t a x i n g or 
b y b o r r o w i n g . 
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de fend r i g o r o u s l y t he w e i g h t s c h o s e n ( w h i c h a r e u s e d by Baumol ) we g e n e r a t e 

the f o l l o w i n g a v e r a g e r a t e f o r the r e c o r d : 

7 0 / 1 0 0 c o r p o r a t e s e c t o r @ 11% 
2 0 / 1 0 0 n o n c o r p o r a t e s e c t o r @ 7% 
1 0 / 1 0 0 c o n s u m p t i o n @ 4.5% 

o v e r a l l economy a v e r a g e = 9.5% 

I f w e ' r e f u l l y c o n f i d e n t i n ou r e s t i m a t i o n p r o c e d u r e and i n the l o g i c 

of u s i n g a s i n g l e economy-w ide r a t e f o r o p p o r t u n i t y c o s t , t h e n t he 9 . 5 p e r c e n t 

f i g u r e w e ' v e j u s t computed wou ld a p p e a r to be t he r a t e we w o u l d c h o o s e f o r c a l ­

c u l a t i n g p r e s e n t v a l u e s . T h a t ough t to be a d j u s t e d u p w a r d , h o w e v e r , by ou r 

e s t i m a t e of i n f l a t i o n premium a t t he t i m e o f p l a n n i n g , on t he g r o u n d s t h a t ou r 

p r o j e c t e d c a s h f l o w s a r e n o m i n a l v a l u e s and s o have an i n f l a t i o n premium b u i l t 

i n t o them. G i v e n t he u s u a l r e l a t i o n s h i p s be tween t r e n d s i n m a r k e t r a t e s and t he 

b u s i n e s s c y c l e , t he ne t e f f e c t o f t h i s p r o c e d u r e ough t t o l e a d us to be r e l a ­

t i v e l y more l i b e r a l i n our i n v e s t m e n t i n t i m e s o f " s l a c k " i n t h e economy — 

w h i c h seems to make s e n s e . 

Of c o u r s e , we a r e n ' t a l l t h a t c o n f i d e n t i n any p o i n t e s t i m a t e we 

a r e a b l e t o g e n e r a t e . So ou r recommended p r e s e n t - v a l u e a n a l y s i s p r o c e d u r e 

i n v o l v e s no s i n g l e d i s c o u n t r a t e , bu t r a t h e r e x a m i n a t i o n o f "what goes o n " 

w i t h p r e s e n t v a l u e s o v e r a r a n g e of d i s c o u n t r a t e s . G i v e n t he p r e c e d i n g 

r a t e d i s c u s s i o n , to be s u r e , our m a j o r a t t e n t i o n w i l l f o c u s on what happens o v e r 

the 7 p e r c e n t to 11 p e r c e n t r a n g e . 

C . R i s k and t h e I s s u e o f " R i s k A d j u s t m e n t " 

One l a s t s e t o f m a t t e r s we w i s h t o t a k e up i s t he p r o p e r t r e a t m e n t 

o f r i s k . We want to d e a l w i t h a c o u p l e o f c o n t e n t i o n s f r e q u e n t l y a p p e a r i n g 

i n the l i t e r a t u r e on t he m a t t e r of a d j u s t i n g t he d a t a o r t he r a t e s f o r " r i s k . " 

One c o n t e n t i o n i s t h a t government i n v e s t m e n t d e c i s i o n s ough t to use a s a f e  

r a t e (o r t he T r e a s u r y b o r r o w i n g r a t e ) f o r d i s c o u n t i n g p u r p o s e s . The o t h e r i s 

t h a t p r o s p e c t i v e i n v e s t m e n t s ough t t o be s o r t e d i n t o " r i s k c l a s s e s " w i t h 

h i g h e r d i s c o u n t r a t e s u s e d f o r r i s k i e r c l a s s e s of i n v e s t m e n t . 

*Special risk, private risk 

A c a s e f o r government use o f a s a f e ( r i s k - f r e e ) r a t e i n p r e s e n t -

v a l u e c a l c u l a t i o n s a r g u e s t h a t b e c a u s e o f t h e v e r y l a r g e number o f p r o j e c t s 

u n d e r t a k e n by g o v e r n m e n t , t he " r i s k p o o l i n g " e f f e c t makes a c h i e v e m e n t o f t he 
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a g g r e g a t e e x p e c t e d v a l u e o f a l l i t s r e t u r n s t a k e n t o g e t h e r v i r t u a l l y c e r t a i n , 

o r " r i s k l e s s . " The argument i s made t h a t the s o c i a l r i s k i n any p a r t i c u l a r 

government i n v e s t m e n t u n d e r t a k i n g i s l e s s t h a n t he p r i v a t e r i s k t o an i n d i v i d u a l 

f i r m u n d e r t a k i n g a c o m p a r a b l e p r o j e c t . The mode l t h a t g e n e r a t e s t h i s c o n c l u ­

s i o n c a n be i l l u s t r a t e d f a i r l y s i m p l y . I t assumes t h a t u n c e r t a i n t y abou t any 

i n d i v i d u a l i n v e s t m e n t p r o j e c t c o n f r o n t s an i n v e s t o r w i t h a d i s t r i b u t i o n o f 

p o s s i b l e r a t e - o f - r e t u r n o u t c o m e s . F o r e x a m p l e : 

FIGURE A . 7 
P r o j e c t Z , D i s t r i b u t i o n o f Outcomes 

p r o b a b i l i t y o f p r o j e c t Z 
e a r n i n g a r a t e o f r e t u r n 
l e s s t h a n 4 1 /2 p e r c e n t i s 
shown by t h i s shaded a r e a -

e x p e c t e d r a t e o f r e t u r n 
on p r o j e c t Z 
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P r o j e c t Z i s e x p e c t e d t o e a r n 7 p e r c e n t , bu t i t c o u l d do v e r y much b e t t e r 

o r v e r y much w o r s e . 

Now c o n s i d e r c o r p o r a t i o n A , o r g a n i z e d t o u n d e r t a k e a d o z e n d i f f e r e n t 

and i n d e p e n d e n t p r o j e c t s , a l l o f w h i c h have a n i d e n t i c a l d i s t r i b u t i o n o f o u t ­

comes to t h a t o f P r o j e c t Z ( i . e . , f o r e a c h p r o j e c t t he mean o r e x p e c t e d 

v a l u e o f ou tcomes i s t he same and t he s p r e a d o f ou tcomes a r o u n d t he mean i s 

the s a m e ) . The s t a t i s t i c a l c o n s e q u e n c e of c o m b i n i n g t he s e v e r a l p r o j e c t s i n 

one f i r m and l o o k i n g a t t he a g g r e g a t e outcome i s t o r e d u c e t he s p r e a d o f 

comb ined ou tcomes l e a v i n g t h e mean v a l u e unchanged a t 7 p e r c e n t a s f o l l o w s : 

F IGURE A . 8 
C o r p o r a t i o n A , D i s t r i b u t i o n o f Outcomes 

e x p e c t e d ( a v e r a g e ) r a t e o f r e t u r n 
f o r c o r p o r a t i o n A , 7 p e r c e n t 

p r o b a b i l i t y o f c o r p o r a t i o n A e a r n i n g 
a r a t e o f r e t u r n l e s s t h a n 4 1 /2 
p e r c e n t on t he comb ined 12 p r o j e c t s 
i s shown by t h i s shaded a r e a 

12 14 16 r a t e o f r e t u r n (%/yr) 
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C o r p o r a t i o n A , by p o o l i n g r i s k s o v e r s e v e r a l p r o j e c t s h a s c u t t h e r i s k t o t h e 

i n v e s t o r f r o m what i t w o u l d have b e e n i n any of t he p r o j e c t s t a k e n i n d i v i d u a l l y . 

" R i s k " h e r e i s d e f i n e d by i m p l i c a t i o n a s t h e p r o b a b i l i t y o f e a r n i n g l e s s t h a n 

some s p e c i f i e d r a t e o f r e t u r n . F o r e x a m p l e , t h e shaded a r e a s i n t h e a b o v e 

d i a g r a m s r e p r e s e n t ou tcomes e a r n i n g l e s s t h a n 4 . 5 p e r c e n t ; s a y t h a t f u n d s 

" c o s t " c o r p o r a t i o n A t h a t much and s o t o e a r n l e s s w o u l d be to go b r o k e a s 

a c o r p o r a t i o n . 

The s t a t i s t i c a l " l a w o f l a r g e n u m b e r s " g u a r a n t e e s t h a t i f government 

were to u n d e r t a k e many t h o u s a n d s of i n d e p e n d e n t p r o j e c t s , e a c h w i t h a s p r e a d 

of r a t e o f r e t u r n ou tcomes i d e n t i c a l to t h a t o f p r o j e c t Z , t he comb ined 

outcome w i t h v i r t u a l c e r t a i n t y wou ld be v e r y c l o s e to t he e x p e c t e d v a l u e o f 

7 p e r c e n t . 

FIGURE A . 9 

^ p r o b a b i l i t y d i s t r i b u t i o n o f 
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" S o c i a l r i s k , " the r i s k of l o s s t o s o c i e t y f r om the u n d e r t a k i n g o f i n d i v i d u a l l y 

" r i s k y " p r o j e c t s , t h u s c a n be v e r y l o w f o r gove rnmen t i n v e s t m e n t b e c a u s e , s o 

t he argument g o e s , l a r g e numbers of p r o j e c t s a r e i n v o l v e d . A l l t h a t i s 

r e q u i r e d i s t h a t the e x p e c t e d v a l u e o f t he d i s t r i b u t i o n of ou tcomes f o r t h o s e 

p r o j e c t s c h o s e n be g r e a t e r t h a n t he t r u e o p p o r t u n i t y c o s t o f f u n d s i n v o l v e d . 

A c r i t i c a l p o i n t h e r e , h o w e v e r , i s t h a t w h i l e t he " p r i v a t e r i s k " o f an i n d i v i d u a l 

f i r m ' s d e c i s i o n s may be a p p r e c i a b l e (as i l l u s t r a t e d i n F i g u r e A . 8 ) , t he " s o c i a l 

r i s k " of p r i v a t e d e c i s i o n s a b o u t Z t y p e p r o j e c t s w i t h i n t h e b u s i n e s s s e c t o r 

a s a who le i s a s low a s t h a t f o r gove rnmen t d e c i s i o n s — a g a i n b e c a u s e f r o m 

s o c i e t y ' s p o i n t o f v i e w v e r y l a r g e numbers o f p r o j e c t s a r e i n v o l v e d . Thus 

t h e r e a r e no g r o u n d s f r om a " s o c i a l r i s k " s t a n d p o i n t f o r t r e a t i n g gove rnmen t 

d e c i s i o n s on a d i f f e r e n t r i s k f o o t i n g f r om t h a t a p p l i e d to i n d i v i d u a l p r i v a t e 

f i r m d e c i s i o n s . 
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And t he p o i n t was e s t a b l i s h e d e a r l i e r t h a t t h e p r o p e r " f o o t i n g " t o 

be u s e d i n s o c i a l d e c i s i o n s i s t he o p p o r t u n i t y c o s t t o s o c i e t y o f t h o s e 

d e c i s i o n s — a n d , i n c h o o s i n g i n t e r e s t r a t e m e a s u r e s , t h a t c l e a r l y i s no t 

t he r i s k l e s s , s a f e r a t e . 

risk classes and differing project riskiness 

S h o u l d i n v e s t m e n t p r o j e c t s be c l a s s i f i e d a c c o r d i n g to i n h e r e n t 

" r i s k i n e s s " and h i g h e r d i s c o u n t r a t e s a p p l i e d i n c o m p u t i n g p r e s e n t v a l u e 

f o r " r i s k i e r " c l a s s e s o f p r o j e c t s ? Our answer h e r e i s a n u n e q u i v o c a l " n o . " 

The f u n c t i o n o f t he d i s c o u n t r a t e , i n e f f e c t , i s t o measu re t h e o p p o r t u n i t y  

c o s t o f an i n v e s t m e n t w h i c h i s n e i t h e r a f f e c t e d n o r a l t e r e d by t h e p a r t i c u ­

l a r p r o p e r t i e s o f t h e i n d i v i d u a l i n v e s t m e n t p r o j e c t under c o n s i d e r a t i o n . 

P r e s u m a b l y a " r i s k i e r " c l a s s o f p r o j e c t s i s one f o r w h i c h the 

chance of f a l l i n g b e l o w the " l o s s p o i n t " i n t e rms o f e a r n e d r e t u r n i s l a r g e r 

t h a n t h a t f o r some s t a n d a r d s e t o f p r o j e c t s , as i n t he f o l l o w i n g d i a g r a m : 
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The m e a n , o r " e x p e c t e d v a l u e , " f o r t h e " r i s k i e r " c l a s s i s shown h e r e t o be 

l a r g e r t h a n t h a t f o r t he " s a f e r c l a s s . " A l t h o u g h t h e r e i s no r e a s o n to assume 

t h i s r e l a t i o n s h i p , i n g e n e r a l i t ' s l i k e l y t o b e t r u e f o r p r o j e c t s s e r i o u s l y 

c o n s i d e r e d by b u s i n e s s m e n . The p o i n t i s t h a t a c l a s s o f p r o j e c t s may be 

" r i s k i e r " (and n e c e s s a r i l y more u n c e r t a i n i n t he s e n s e o f h a v i n g a g r e a t e r 

r a n g e o r s p r e a d o f i n d i v i d u a l ou t comes ) y e t , f r om a s o c i a l p o i n t o f v i e w , when 

a l a r g e number o f s u c h p r o j e c t s i s u n d e r t a k e n , u n c e r t a i n t y abou t t h e a g g r e g a t e 
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outcome d r o p s toward z e r o and w i t h i t r i s k d r o p s as w e l l . The " s p r e a d " o f 

e x p e c t e d ou tcomes c o l l a p s e s a r o u n d t h e mean v a l u e as a l a r g e number o f p r o j e c t s 

i s p o o l e d . To f i t t h a t mode l o f " r i s k i n e s s , " t he p r o j e c t s must be i n d e p e n d e n t 

and t he d i s t r i b u t i o n o f ou tcomes as w e l l as the e x p e c t e d mean v a l u e must be 

a c c u r a t e l y known. 

F o r t he c a s e i l l u s t r a t e d on t h e above d i a g r a m , once t h e " p o o l i n g " 

e f f e c t o f l a r g e numbers has w h i t t l e d away t he u n c e r t a i n t y ( s p r e a d ) o f o u t c o m e , 

s o c i e t y wou ld be b e t t e r o f f f r o m i n v e s t m e n t i n t he " r i s k i e r " c l a s s o f p r o j e c t s 

b e c a u s e t h e y w i l l r e t u r n 10 p e r c e n t p e r y e a r w i t h v i r t u a l c e r t a i n t y w h e r e a s 

t he " s a f e r " p r o j e c t s w i l l r e t u r n o n l y 8 p e r c e n t p e r y e a r a s i n t he f o l l o w i n g : 

FIGURE A . 1 1 

J L 

outcome f o r t h e a g g r e g a t e 
o f " r i s k i e r " p r o j e c t s 

outcome f o r t h e a g g r e g a t e 
o f " s a f e r " p r o j e c t s 

J I I L 
- 4 - 2 0 2 4 6 8 10 12 14 16 18 20 r a t e o f r e t u r n 

(%/yr) 

Thus i t c o u l d p r o v e p e r v e r s e f r om a s o c i a l p o i n t o f v i e w t o i n s i s t on a p p l i c a ­

t i o n of a h i g h e r r a t e o f d i s c o u n t t o c l a s s e s o f " r i s k i e r " p r o j e c t s . What 

i s r e q u i r e d , on t he c o n t r a r y , i s t h a t t he e x p e c t e d v a l u e s be c o r r e c t l y a s s e s s e d 

and t h a t the s o c i a l o p p o r t u n i t y c o s t be t he s o l e d e t e r m i n a n t o f t he i n t e r e s t 

r a t e u s e d f o r p r e s e n t - v a l u e d e c i s i o n p r o c e d u r e s . 




